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AMINOACYL TRNA SYNTHETASES FOR
MODULATING INFLAMMATION

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims benefit under 35 U.S.C. §119(e) to
U.S. Provisional Application No. 61/285,913, filed Dec. 11,
2009; U.S. Provisional Application No. 61/285,923, filed
Dec. 11, 2009; and U.S. Provisional Application No. 61/285,
919, filed Dec. 11, 2009, which are incorporated by reference
in their entireties.

STATEMENT REGARDING SEQUENCE
LISTING

The Sequence Listing associated with this application is
provided in text format in lieu of a paper copy, and is hereby
incorporated by reference into the specification. The name of
the text file containing the Sequence Listing is ATYR__020__
01US_ST25.txt. The text file is about 124 KB, was created on
Oct. 20, 2014, and is being submitted electronically via EFS-
Web.

BACKGROUND

1. Technical Field

The present invention relates generally to compositions
comprising aminoacyl-tRNA synthetase polypeptides,
including truncations, proteolytic fragments, and/or variants
thereof, and methods of using such compositions for modu-
lating inflammation and other cellular responses.

2. Description of the Related Art

Aminoacyl-tRNA synthetases, which catalyze the aminoa-
cylation of tRNA molecules, are essential for decoding
genetic information during the process of translation. In
higher eukaryotes, aminoacyl-tRNA synthetases associate
with other polypeptides to form supramolecular multienzyme
complexes. Each of the eukaryotic tRNA synthetases consists
of'a core enzyme, which is closely related to the prokaryotic
counterpart of the tRNA synthetase, and one or more addi-
tional domains that are appended to the amino-terminal or
carboxyl-terminal end of the core enzyme. Human tyrosyl-
tRNA synthetase (YRS), for example, has a carboxyl-termi-
nal domain that is not part of prokaryotic and lower eukary-
otic YRS molecules.

Aminoacyl tRNA synthetases, such as tyrosyl-tRNA syn-
thetase, tryptophan-tRNA synthetase, and others, are associ-
ated with expanded functions in mammalian cells, including
activities in signal transduction pathways, among others.

BRIEF SUMMARY

Embodiments of the present invention stem from the unex-
pected finding that compositions comprising aminoacyl-
tRNA synthetase (AARS) polypeptides, including truncated
fragments, proteolytic fragments, and variants thereof,
modulate inflammatory responses, and thereby modulate
inflammation. These AARS polypeptides are therefore useful
in treating a variety of inflammatory diseases or conditions.

Accordingly, embodiments of the present invention relate
generally to to compositions for modulating inflammation,
comprising one or more isolated aminoacyl-tRNA synthetase
(AARS) polypeptides, or biologically active fragments or
variants thereof, wherein the polypeptides modulate inflam-
mation. In certain embodiments, the AARS polypeptide is a
tyrosyl-tRNA synthetase (YRS), a tryptophanyl-tRNA syn-
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thetase (WRS), a glutaminyl-tRNA synthetase (QRS), a gly-
cyl-tRNA synthetase (GlyRS), a histidyl-tRNA synthetase
(HisRS), a seryl-tRNA synthetase, a phenylalanyl-tRNA syn-
thetase, an alanyl-tRNA synthetase, an asparaginyl-tRNA
synthetase (AsnRS), an aspartyl-tRNA synthetase (AspRS), a
cysteinyl-tRNA synthetase (CysRS), a glutamyl-tRNA syn-
thetase, a prolyl-tRNA synthetase (ProRS), an arginyl-tRNA
synthetase, an isoleucyl-tRNA synthetase, a leucyl-tRNA
synthetase, a lysyl-tRNA synthetase, a threonyl-tRNA syn-
thetase, a methionyl-tRNA synthetases, or a valyl-tRNA syn-
thetase.

Certain embodiments include a proteolytic fragment of the
AARS polypeptide. In certain embodiments, the sequence of
the proteolytic fragment is derived by incubating the polypep-
tide with a protease in vitro. In certain embodiments, the
sequence of the proteolytic fragment is derived by recombi-
nantly expressing the AARS polypeptide in a cell, wherein
the cell comprises one or more recombinant or endogenous
proteases. In certain embodiments, the proteolytic fragment
comprises the sequence of an endogenous, naturally-occur-
ring human or mouse AARS proteolytic fragment.

In certain embodiments, the aminoacyl-tRNA synthetase is
a YRS polypeptide. In certain embodiments, the YRS
polypeptide is truncated at its C-terminus. In certain embodi-
ments, the YRS polypeptide comprises the amino acid
sequence of SEQ ID NO: 1, 2, 3, 6, 8, 10, 12, or 14, wherein
at least about 1-50, 50-100, 100-150, 150-200, or about 200-
250 amino acid residues are truncated from its C-terminus.

In certain embodiments, the YRS polypeptide is truncated
at its N-terminus. In certain embodiments, the YRS polypep-
tide comprises the amino acid sequence of SEQ ID NO: 1, 2,
3, 6, 8, 10, 12, or 14, wherein at least about 1-50, 50-100,
50-100, 100-150, 150-200, or about 200-250 amino acid resi-
dues are truncated from its N-terminus.

In certain embodiments, the YRS polypeptide comprises
an amino acid sequence at least 80%, 90%, 95%, 98%, or
100% identical to the amino acid sequence set forth in SEQ
ID NO:2, wherein the alanine at position 341 is not substi-
tuted with a tyrosine. In certain embodiments, the YRS
polypeptide comprises an amino acid sequence at least 80%,
90%, 95%, 98%, or 100% identical to the amino acid
sequence set forth in SEQ ID NO: 1, 2, 3, 6, 8, 10, 12, or 14.

In certain embodiments, the aminoacyl-tRNA synthetase is
a GlyRS polypeptide. In certain embodiments, the GlyRS
polypeptide is a fragment of the full length human glycyl-
tRNA synthetase sequence set forth in SEQ ID NO:16. In
certain embodiments, the fragment comprises amino acid
residues 367-438 of SEQ ID NO:16, or an active variant
thereof. In certain embodiments, the GlyRS polypeptide
comprises an amino acid sequence at least 80%, 90%, 95%,
98%, or 100% identical to the amino acid sequence set forth
in SEQ ID NO:16. In certain embodiments, the GlyRS
polypeptide comprises amino acid residues 57-685, 214-685,
239-685, 311-685, 439-685, 511-658, 214-438, 367-438,
214-420, 214-338, 85-127 1-213, 1-61, 85-214, 333-685,
128-685, 265-685, 483-685 or 25-56 of SEQ ID NO:16, or an
active fragment thereof.

In certain embodiments, the aminoacyl-tRNA synthetase is
a QRS polypeptide. In certain embodiments, the QRS
polypeptide comprises an amino acid sequence at least 80%,
90%, 95%, 98%, or 100% identical to the amino acid
sequence set forth in SEQ ID NO:25. In certain embodiments,
the QRS polypeptide is truncated at its C-terminus. In certain
embodiments, the QRS polypeptide comprises the amino
acid sequence of SEQ ID NO:25, wherein at least about 1-50,
50-100, 50-100, 100-150, 150-200, 200-250, 250-300, 300-
350, 350-400, 400-450, 450-500, or about 500-550 amino
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acid residues are truncated from its C-terminus. In certain
embodiments, the QRS polypeptide comprises amino acid
residues 1-183, 1-220, 1-249, or 1-200 of SEQ ID NO:25, or
any one or more of SEQ ID NOS:36-103 or 109-115.

In certain embodiments, the aminoacyl-tRNA synthetase is
a HisRS polypeptide. Certain embodiments comprise HisRS
splice variant polypeptide. In certain embodiments, the
HisRS polypeptide comprises at least the WHEP domain of
HisRS. In certain embodiments, the HisRS polypeptide com-
prises at least the anticodon binding domain of HisRS. In
certain embodiments, the HisRS polypeptide lacks a func-
tional aminoacylation domain. In certain embodiments, the
HisRS polypeptide comprises at least the WHEP domain of
HisRS and the anticodon binding domain of HisRS but lacks
afunctional aminoacylation domain. In certain embodiments,
the HisRS polypeptide comprises the sequence set forth in
SEQ ID NO:—28, 30, or 32. In certain embodiments, the
HisRS polypeptide comprises an amino acid sequence at least
80%, 90%, 95%, 98%, or 100% identical to the amino acid
sequence set forth in SEQ 1D NO:28, 30, or 32. In certain
embodiments, the HisRS polypeptide comprises at least 20
contiguous amino acid residues of the sequence set forth in
SEQ ID NO:28, 30, or 32.

In certain embodiments, the aminoacyl-tRNA synthetase is
a WRS polypeptide. In certain embodiments, the WRS
polypeptide comprises an amino acid sequence at least 80%,
90%, 95%, 98%, or 100% identical to the amino acid
sequence set forth in any one or more of SEQ ID NOS:33-35.
In certain embodiments, the WRS polypeptide comprises a
biologically active fragment of any one or more of SEQ ID
NOS:33-35.

In certain embodiments, the AARS polypeptide is an aspar-
tyl-tRNA synthetase (AspRS). In certain embodiments, the
AspRS polypeptide comprises an amino acid sequence at
least 80%, 90%, 95%, 98%, or 100% identical to the amino
acid sequence set forth in SEQ ID NO:105. In certain embodi-
ments, the AspRS polypeptide consists essentially of amino
acids 1-154 of SEQ ID NO:105.

Certain embodiments include pharmaceutical composi-
tions for modulating an inflammatory response in a subject,
comprising an aminoacyl-tRNA synthetase (AARS)
polypeptide as in any one of claims 1-54 and a pharmaceuti-
cally acceptable carrier.

Certain embodiments include methods of modulating an
inflammatory response, comprising contacting a cell with an
effective concentration of an aminoacyl-tRNA synthetase
(AARS) polypeptide having an inflammatory response-
modulating activity, thereby modulating the inflammatory
response.

In certain embodiments, the cell is an immune cell or a
vascular cell. In certain embodiments, the immune cell is a
granulocyte, lymphocyte, monocyte/macrophage, dendritic
cell, or mast cell. In certain embodiments, the granulocyte is
aneutrophil, eosinophil, or basophil. In certain embodiments,
the lymphocyte is a B-cell, CD8+ T-cell, CD4+ T-cell, natural
killer cell, or ydT-cell. In certain embodiments, the vascular
cell is a smooth muscle cell, endothelial cells, or fibroblast.

Certain embodiments include contacting the cell in vitro or
ex vivo. Certain embodiments include administering the cell
to a subject. Certain embodiments include contacting the cell
in a subject by directly administering the AARS polypeptide
to the subject.

Certain embodiments include reducing an acute inflamma-
tory response, reducing a chronic inflammatory response, or
both. Certain embodiments include increasing an acute
inflammatory response, increasing a chronic inflammatory
response, or both. Certain embodiments include modulating
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the activation, inflammatory molecule secretion, prolifera-
tion, activity, migration, or adhesion of one or more immune
cells or vascular cells. Certain embodiments include modu-
lating the levels or activity of one or more inflammatory
molecules.

In certain embodiments, the one or more inflammatory
molecules comprise plasma-derived inflammatory molecules
of any one or more of the complement system, kinin system,
coagulation system, or fibrinolysis system. In certain embodi-
ments, the one or more inflammatory molecules comprise
cell-derived inflammatory molecules of any one or more of
lysosome granules, vasoactive amines, eicosanoids, cytok-
ines, acute-phase proteins, or nitric oxide. In certain embodi-
ments, the one or more cytokines are selected from the cytok-
ines in Tables J and K. Certain embodiments include
modulating the levels or activity of any one or more of TNF-
a, IL-2, MIP-1p, IL-12 (p40), KC, MIP-2, or IL-10.

Certain embodiments include modulating an inflammatory
response or inflammatory condition associated with one or
more tissues, tissue systems, or organs selected from skin,
hair follicles, nervous system, auditory system or balance
organs, respiratory system, gastroesophogeal tissues, gas-
trointestinal system, vascular system, liver, gallbladder, lym-
phatic/immune system, uro-genital system, musculoskeletal
system, adipose tissue, mammaries, and endocrine system.

Certain embodiments include treating hypersensitivity
selected from type [ hypersensitivity, type Il hypersensitivity,
type Il hypersensitivity, type IV hypersensitivity, immediate
hypersensitivity, antibody mediated hypersensitivity,
immune complex mediated hypersensitivity, T-lymphocyte
mediated hypersensitivity, and delayed type hypersensitivity.

Certain embodiments include treating an auto-inflamma-
tory condition selected from familial Mediterranean fever,
TNF receptor associated periodic syndrome (TRAPS),
Hyper-IgD syndrome (HIDS), CIAS1-related diseases such
as Muckle-Wells syndrome, familial cold auto-inflammatory
syndrome, and neonatal onset multisystem inflammatory dis-
ease, PAPA syndrome (pyogenic sterile arthritis, pyoderma
gangrenosum, acne), and Blau syndrome.

Certain embodiments include treating inflammation asso-
ciated with a cancer selected from prostate cancer, breast
cancer, colon cancer, rectal cancer, lung cancer, ovarian can-
cer, testicular cancer, stomach cancer, bladder cancer, pan-
creatic cancer, liver cancer, kidney cancer, brain cancer, mela-
noma, non-melanoma skin cancer, bone cancer, lymphoma,
leukemia, thyroid cancer, endometrial cancer, multiple
myeloma, acute myeloid leukemia, neuroblastoma, glioblas-
toma, and non-Hodgkin’s lymphoma.

Certain embodiments include treating inflammation asso-
ciated with systemic inflammatory response syndrome
(SIRS). Certain embodiments include treating inflammation
associated with cytokine storm. Certain embodiments
include treating inflammation associated with any one or
more of granulomatous inflammation, fibrinous inflamma-
tion, purulent inflammation, serous inflammation, or ulcer-
ative inflammation. Certain embodiments include treating
inflammation associated with one or more wounds. Certain
embodiments include treating inflammation associated with
chronic obstructive pulmonary disorder (COPD).

Certain embodiments include increasing the inflammatory
response to treat a primary or secondary immunodeficiency.
In certain embodiments, the primary immunodeficiency is a
combined T-cell and B-cell immunodeficiency, antibody defi-
ciency, well-defined syndrome, immune dysregulation dis-
ease, phagocyte disorder, innate immunity disorder, or a
complement deficiency.
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Certain embodiments include modulating an inflammatory
condition associated with activity one or more immune cells
or vascular cells. In certain embodiments, the immune cell is
a granulocyte, lymphocyte, monocyte/macrophage, dendritic
cell, or mast cell. In certain embodiments, the granulocyte is
aneutrophil, eosinophil, or basophil. In certain embodiments,
the lymphocyte is a B-cell, T-cell, natural killer cell. In certain
embodiments, the vascular cell is a smooth muscle cell,
endothelial cells, or fibroblast. In certain embodiments, the
inflammatory condition is a neutrophil-mediated condition, a
macrophage-mediated condition, or a lymphocyte-mediated
condition.

Certain aspects of the present invention stem from the
discovery that certain glutaminyl-tRNA synthetase (QRS)
polypeptides possess non-canonical biological activities of
therapeutic relevance. Therefore, according to one aspect, the
present invention provides isolated QRS polypeptides having
at least one non-canonical biological activity, as well active
fragments and variants thereof which substantially retain said
non-canonical activity. “Non-canonical” activity,” as used
herein, refers generally to an activity possessed by a QRS
polypeptide of the invention that is other than aminoacylation
and, more specifically, other than the addition of glutamine
onto a tRNAS?” molecule. As detailed herein, in certain
embodiments, a non-canonical biological activity exhibited
by a QRS polypeptide of the invention may include, but is not
limited to, modulation of cell proliferation, modulation of
apoptosis, modulation of cell signaling (e.g., via Akt), modu-
lation of angiogenesis, modulation of cell migration, modu-
lation of cell binding, modulation of cellular metabolism,
modulation of cytokine production (e.g., IL.-12, TNF-a), and
the like.

In certain embodiments, the QRS polypeptide of the inven-
tionis a contiguous fragment of a full length mammalian QRS
protein. In a more specific embodiment, the QRS polypeptide
is a contiguous fragment of the human or mouse QRS protein
sequence set forth in SEQ ID NOS:25, 36-103, or 109-115.
Iustratively, the fragments may be of essentially any length,
provided they are not full length and further provided they
retain at least one non-canonical biological activity of inter-
est. In certain illustrative embodiments, a QRS polypeptide of
the invention will range in size from about 10-50, 10-100,
10-150, 10-200, 10-250, 10-300, 10-350, 10-400, 10-450,
10-500, 10-550, 10-600, 10-650, 10-700, or 10-750 amino
acids in length. In certain illustrative embodiments, a QRS
polypeptide of the invention will range in size from about
20-50, 20-100, 20-150, 20-200, 20-250, 20-300, 20-350,
20-400, 20-450, 20-500, 20-550, 20-600, 20-650, 20-700, or
20-750 amino acids in length. In other embodiments, the QRS
polypeptide of the invention will range in size from about
50-100, 50-150, 50-200, 50-250, 50-300, 50-350, 50-400,
50-450, 50-500, 50-550, 50-600, 50-650, 50-700, or 50-750
amino acids in length. In other embodiments, the QRS
polypeptide of the invention will range in size from about
100-150, 100-200, 100-250, 100-300, 100-350, 100-400,
100-450, 100-500, 100-550, 100-600, 100-650, 100-700, or
100-750 amino acids in length. In still other illustrative
embodiments, the QRS polypeptide of the invention will
range in size from about 200-250, 200-300, 200-350, 200-
400, 200-450, 200-500, 200-550, 200-600, 200-650, 200-
700, or 200-750 amino acids in length.

In further embodiments of the invention, a QRS polypep-
tide comprises an active variant (i.e., retains at least one
non-canonical biological activity of interest) of a fragment of
a QRS protein sequence, such as the human QRS protein
sequence set forth in SEQ ID NO:25. In a more specific
embodiment, the active variant is a polypeptide having at
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6
least 70%, 80%, 90%, 95%, 98% or 99% identity along its
length to a human or mouse QRS sequence set forth in SEQ
ID NOS: 25,36-103, or 109-115.

Other embodiments of the invention provide QRS splice
variants and point mutants, whether naturally or non-natu-
rally occurring, that possess one or more non-canonical
activities. Other embodiments of the invention provide QRS
proteolytic fragments, whether produced endogenously (i.e.,
in a cell) or in vitro, that possess one or more non-canonical
activities. In certain embodiments, the sequence of the pro-
teolytic fragment is identified by incubating the QRS
polypeptide with a protease in vitro. In certain embodiments,
the sequence of the proteolytic fragment is identified by
recombinantly expressing the QRS polypeptide in a cell,
wherein the cell comprises one or more recombinant or
endogenous proteases. In certain embodiments, the pro-
teolytic fragment comprises the sequence of an endogenous,
naturally-occurring human or mouse QRS proteolytic frag-
ment.

In a more specific embodiment of the invention, a QRS
polypeptide comprises a fragment of the human QRS
sequence of SEQ ID NO:25, comprising or consisting essen-
tially of amino acid residues 1-183 (Q1), 1-220 (Q2), 1-249
(Q3), or 1-200 (Q4), or an active fragment or variant thereof
that substantially retains at least one non-canonical biological
activity of interest. In certain embodiments, a QRS polypep-
tide fragment comprises or consists essentially of any one of
SEQ ID NOS:36-103 or 109-115.

According to another aspect of the invention, there are
provided fusion proteins comprising at least one QRS
polypeptide as described herein and a heterologous fusion
partner.

According to another aspect of the invention, there are
provided isolated polynucleotides encoding the polypeptides
and fusion proteins as described herein, as well as expression
vectors comprising such polynucleotides, and host cell com-
prising such expression vectors.

According to yet another aspect of the invention, there are
provided compositions, e.g., pharmaceutical compositions,
comprising physiologically acceptable carriers and at least
one of the isolated polypeptides, fusion proteins, antibodies,
isolated polynucleotides, expression vectors, host cells, etc.,
of the invention, as described herein.

Also provided by the present invention, in other aspects,
are methods for modulating a cellular activity by contacting a
cell ortissue with a composition of the invention, as described
herein, wherein the cellular activity to be modulated is
selected from the group consisting of cell proliferation, apo-
ptosis, cell signaling, cellular metabolism, angiogenesis, cell
migration, cell binding, cytokine production, and the like.

In other aspects, the present invention provides methods
for treating a disease, disorder or other condition in a subject
in need thereof by administering a composition according to
the present invention. By way of illustration, such diseases,
disorders or conditions may include, but are not limited to,
cancer, inflammatory disease or condition, immune disease
(including autoimmune disease) and/or conditions associated
with abnormal angiogenesis.

SEQUENCE LISTING

SEQ ID NO:1 is the full-length amino acid sequence of
human tyrosyl-tRNA synthetase (YRS).

SEQ ID NO:2 is the amino acid sequence of a Y341A
variant of full-length human YRS.

SEQ ID NO:3 is the amino acid sequence of a C-terminally
truncated (amino acids 1-364) human YRS.
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SEQ ID NO:4 is a polynucleotide sequence that encodes
the full-length amino acid sequence of human YRS (SEQ ID
NO:1).

SEQ ID NO:5 shows the sequence of an eight amino acid
tag.

SEQIDNO:6 is the amino acid sequence of the SP1 human
YRS splice variant.

SEQ ID NO:7 is the polynucleotide sequence that encodes
the SP1 human YRS splice variant (SEQ ID NO:6).

SEQIDNO:8is the amino acid sequence of the SP2 human
YRS splice variant.

SEQ ID NO:9 is the polynucleotide sequence that encodes
the SP2 human YRS splice variant (SEQ ID NO:8)

SEQ ID NO:10 is the amino acid sequence of the SP3
human YRS splice variant.

SEQ ID NO:11 is the polynucleotide sequence that
encodes the SP3 human YRS splice variant (SEQ ID NO:10).

SEQ ID NO:12 is the amino acid sequence of the SP4
human YRS splice variant.

SEQ ID NO:13 is the polynucleotide sequence that
encodes the SP4 human YRS splice variant (SEQ ID NO:12).

SEQ ID NO:14 is the amino acid sequence of the SP5
human YRS splice variant.

SEQ ID NO:15 is the polynucleotide sequence that
encodes the SP5 human YRS splice variant (SEQ ID NO:14).

SEQ ID NO:16 is the full length amino acid sequence of
human cytoplasmic glycyl-tRNA synthetase (GlyRS).

SEQ ID NO:17 is a nucleic acid sequence encoding the
GlyRS polypeptide of SEQ ID NO:16.

SEQ ID NOS:18-24 represent illustrative peptide
sequences analyzed in determining GlyRS fragment bound-
aries.

SEQ ID NO:25 is the full-length amino acid sequence of
human glutaminyl-tRNA synthetase (QRS).

SEQ ID NOS:26 and 27 represent illustrative peptide
sequences analyzed in determining QRS fragment bound-
aries.

SEQ ID NO:28 is the full-length amino acid sequence of
the histidyl-tRNA synthetase (HisRS) protein (NP__
002100.2).

SEQ ID NO:29 is a nucleic acid coding sequence of the
HisRS-SV9 splice variant.

SEQ ID NO:30 is the amino acid sequence of the HisRS-
SV splice variant polypeptide encoded by SEQ ID NO:29.

SEQ ID NO:31 is a nucleic acid coding sequence of the
HisRS-SV11 splice variant.

SEQ ID NO:32 is the amino acid sequence of the HisRS-
SV11 splice variant polypeptide encoded by SEQ ID NO:31.

SEQ ID NO:33 is the amino acid sequence of the main
isoform of human tryptophanyl-tRNA synthetase (WRS).

SEQ ID NO:34 is the amino acid sequence of a truncated
variant (T2) of human WRS.

SEQ ID NO:35 is the amino acid sequence of a truncated
variant (Toltrup) of human WRS.

SEQ ID NOS:36-103 represent various endogenous pep-
tide fragments of human QRS.

SEQ ID NO:104 is the amino acid sequence of a human
phenylalanyl-tRNA synthetase (PheRS) splice variant
(PheRS_SV1P).

SEQID NO:105 is the amino acid sequence of a full-length
human aspartyl-tRNA synthetase (AspRS) polypeptide.

SEQ ID NO:106 is the amino acid sequence of an N-ter-
minal fragment (F1; amino acids 1-471) of human WRS.

SEQ ID NO:107 is the amino acid sequence of a splice
variant (mini-WRS; amino acids 48-471) of human WRS.

SEQ ID NO:108 is the amino acid sequence of a fragment
(T1; amino acids 71-471) of human WRS).
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SEQ ID NOS:109-115 are naturally-occurring, endog-
enous human QRS proteolytic fragments obtained from
human Jurkat T-cells.
SEQ ID NO:116 is the full-length amino acid sequence of
mouse glutaminyl-tRNA synthetase (mQRS).

SEQ ID NO:117 is a nucleic acid sequence encoding the
human QRS polypeptide of SEQ ID NO:25.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the effects of tyrosyl-tRNA synthetase
polypeptides on neutrophil migration into the lungs. FIG. 1A
shows the effects for Y341A, and FIG. 1B shows the effects
for mini-YRS, as compared to dexamethasone treated posi-
tive control cells and untreated control cells (see Example 1).

FIG. 2 shows the effects of histidyl-tRNA synthetase
polypeptides on granulocyte migration into the lungs. FIG.
2A shows reduced migration of neutrophils, and FIG. 2B
shows reduced migration of eosinophils (see Example 1).

FIG. 3 shows that tyrosyl-tRNA synthetase polypeptides
stimulate migration of 293 and CHO cell lines transfected
with the CXCR-2 receptor (see Example 2). The left graph in
FIG. 24 shows the results for 293/CXCR-2 cells, and the right
graph in FIG. 24 shows the results for CHO/CXCR-2 cells.

FIG. 4 shows the stimulatory effects of YRS polypeptides
on polymorphonuclear (PMN) cell migration (see Example

FIG. 5 shows the in vivo and in vitro cytokine release in
response to the D1 AspRS polypeptide (amino acids 1-154 of
SEQ ID NO:105). FIG. 5A shows circulating serum levels of
TNF-c. and IL-10 in mice injected intravenously with 10
mg/kg D1. TNF-a is increased at early time points but is
rapidly cleared while the anti-inflammatory cytokine, 1L-10,
shows a prolonged time course. FIG. 5B shows in vivo serum
levels for five cytokines from mice injected with D1. FIG. 5C
shows in vitro analysis of PBMCs stimulated with D1, with an
increase in TNF-a at 4 hours that is markedly higher than the
full length DRS. FIG. 5D shows that secreted IL-10 levels are
significantly increased at 24 hrs after D1 treatment of
PBMCs.

FIG. 6 shows that recombinant HRS-SV9 and HRS-SV11
splice variant polypeptides enhance IL.-2 secretion in acti-
vated Jurkat T cells. Cells were treated with PMA (25 ng/ml)
plus ionomycin (250 ng/ml) with or without HRS-SV9 or
HRS-SV11, and media was analyzed 48 hours later by
ELISA.

FIG. 7 shows that HRS-SV9 stimulated PBMCs to secrete
TNF-c in a dose dependent manner.

FIGS. 8A-8C shows the domain structure and amino acid
sequence of QRS (SEQ ID NO:25), and illustrates the SDS-
PAGE separation of fragments of QRS (SEQ ID NOS: 116
and 117) generated by endogenous proteolysis of the full-
length QRS.

FIG. 9 shows the QRS fragments (designated Q1, Q2, Q3,
and Q4) that were cloned into an E. coli protein expression
vector for over-expression and purification.

FIG. 10 shows that pretreatment with all four QRS frag-
ments (Q1, Q2, Q3, and Q4) inhibited the amount of TNF-a
released from PBMCs upon stimulation with 0.5 EU/ml LPS.

FIG. 11 shows that pretreatment with the Q4 fragment
inhibited the amount of TNF-a released from PBMCs upon
stimulation with 0.5 EU/ml LPS, after 4 and 24 hours.

FIG. 12 shows that pretreatment with the Q4 fragment of
QRS inhibited the amount of I[.-12 (p40) released from
PBMCs upon stimulation with LPS.

FIGS. 13A to 13C show the inhibitor effects of AARS
polypeptides on the migration of THP-1 cells. FIG. 13A



US 9,127,268 B2

9
shows the inhibitory effects of HisRS on THP-1 migration to
the chemoattractant CCL-23, FIG. 13B shows the inhibitory
effects of AspRS on THP-1 migration to the chemoattractant
CCL-23, and FIG. 13C shows the inhibitory effects of p43
polypeptide on THP-1 migration to the chemoattractant
CCL-5.

FIG. 14 shows a Protein Topography and Migration Analy-
sis Platform (PROTOMAP) of cytosolic (blue) and condi-
tioned media (red) QRS peptide fractions from macrophages,
along with a representation of the QRS polypeptide sequence;
(purple) indicates that the peptide was found in both cytosolic
and conditioned media fractions. See Example 5.

FIGS. 15A-15D (SEQ ID NO:116) show the amino acid
sequences of naturally-occurring, endogenous QRS peptides
fragments that correspond to the PROTOMAP of FIG. 14. In
these figures, (italicized) corresponds to peptides detected in
the cytosol, (underlined) corresponds to peptides detected in
the conditioned media, and (italicized and underlined) corre-
sponds to peptides detected in both samples. FIG. 15A shows
the peptide fragments for band 6 (full-length QRS), FIG. 15B
shows the peptide fragments for band 9 (C-terminal QRS
fragment), and FIGS. 15C-D show the peptide fragments for
bands 19 and 20 (N-terminal QRS fragment).

FIGS. 16A-16C (SEQ ID NO:118) show the amino acid
sequences of endogenous QRS peptides (italicized) that were
obtained from human Jurkat T-cells treated with staurospo-
rine. FIGS. 16 A and 16B show the peptides for bands 18 and
19, respectively, obtained from Jurkat T-cells treated with
Staurospaurine (STS) for 4 hours. FIG. 16C shows the pep-
tides for band 18, obtained from Jurkat T-cells treated with
STS for 6 hours.

DETAILED DESCRIPTION

The present invention stems from the discovery that ami-
noacyl-tRNA synthetases (AARS) and certain polypeptides
derived therefrom possess non-canonical biological activities
of therapeutic relevance. Therefore, according to one aspect,
the present invention provides isolated AARS polypeptides
having at least one non-canonical biological activity, as well
as active fragments and variants thereof which substantially
retain said non-canonical activity.

“Non-canonical” activity,” as used herein, refers generally
to an activity possessed by a AARS polypeptide of the inven-
tion that is other than the addition of an amino acid onto a
tRNA molecule. As detailed herein, in certain embodiments,
a non-canonical biological activity exhibited by an AARS
polypeptide of the invention may include, but is not limited to,
the modulation of inflammatory responses, including acute
and chronic inflammatory responses, systemic inflammatory
responses, local inflammatory responses, and inflammatory
responses at the cellular level, whether in vivo, ex vivo, or in
vitro. Examples of inflammatory response-modulating activi-
ties include, without limitation, modulating the growth, activ-
ity, or trafficking of various immune cells, and modulating the
production or secretion of various cytokines. Hence, embodi-
ments of the present invention include AARS polypeptides,
including truncations, splice variants, proteolytic fragments,
and variants thereof, which modulate inflammation, such as
by increasing or decreasing an inflammatory response, and
thereby possess therapeutically beneficial activity in the treat-
ment and prophylaxis of diseases or conditions associated
with inflammation.

Advantages of the use of AARS polypeptides over other
treatments include, for example, a different mechanism of
action than traditional treatments, synergism with inflamma-
tory-based signaling, higher potency, and the benefits associ-
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ated with using a de-immunized molecule. Other advantages
will be apparent to a person skilled in the art.

The practice of the present invention will employ, unless
indicated specifically to the contrary, conventional methods
of molecular biology and recombinant DNA techniques
within the skill of the art, many of which are described below
for the purpose of'illustration. Such techniques are explained
fully in the literature. See, e.g., Sambrook, et al., Molecular
Cloning: A Laborvatory Manual (3" Edition, 2000); DNA
Cloning: A Practical Approach, vol. 1 & 11 (D. Glover, ed.);
Oligonucleotide Synthesis (N. Gait, ed., 1984); Oligonucle-
otide Synthesis: Methods and Applications (P. Herdewijn, ed.,
2004); Nucleic Acid Hybridization (B. Hames & S. Higgins,
eds., 1985); Nucleic Acid Hybridization: Modern Applica-
tions (Buzdin and Lukyanov, eds., 2009); Transcription and
Translation (B. Hames & S. Higgins, eds., 1984); Animal Cell
Culture (R. Freshney, ed., 1986); Freshney, R. 1. (2005) Cul-
ture of Animal Cells, a Manual of Basic Technique, 5 Ed.
Hoboken N.J., John Wiley & Sons; B. Perbal, A Practical
Guide to Molecular Cloning (3™ Edition 2010); Farrell, R.,
RNA Methodologies: A Laboratory Guide for Isolation and
Characterization (3™ Edition 2005).

All publications, patents and patent applications cited
herein are hereby incorporated by reference in their entirety.

DEFINITIONS

Unless defined otherwise, all technical and scientific terms
used herein have the same meaning as commonly understood
by those of ordinary skill in the art to which the invention
belongs. Although any methods and materials similar or
equivalent to those described herein can be used in the prac-
tice or testing of the present invention, preferred methods and
materials are described. For the purposes of the present inven-
tion, the following terms are defined below.

The articles “a” and “an” are used herein to refer to one or
to more than one (i.e., to at least one) of the grammatical
object of the article. By way of example, “an element” means
one element or more than one element.

By “about” is meant a quantity, level, value, number, fre-
quency, percentage, dimension, size, amount, weight or
length that varies by as much as 30, 25, 20, 25, 10, 9, 8,7, 6,
5,4, 3,2 or 1% to a reference quantity, level, value, number,
frequency, percentage, dimension, size, amount, weight or
length.

Theterm “biologically active fragment”, as applied to frag-
ments of a reference polynucleotide or polypeptide sequence,
refers to a fragment that has at least about 0.1, 0.5, 1, 2, 5, 10,
12,14,16,18,20,22,24,26, 28, 30, 35, 40,45, 50, 55, 60, 65,
70,75, 80, 85, 90, 95, 96, 97, 98, 99, 100, 110, 120, 150, 200,
300, 400, 500, 600, 700, 800, 900, 1000% or more of the
activity of a reference sequence. Included within the scope of
the present invention are biologically active fragments of at
leastabout 18, 19, 20,21, 22,23, 24, 25,26, 27, 28,29, 30, 40,
50, 60,70, 80, 90, 100, 120, 140, 160, 180, 200, 220, 240, 260,
280, 300, 320, 340, 360, 380, 400, 420, 440, 460, 480, 500 or
more contiguous nucleotides or amino acid residues in length,
including all integers in between, which comprise or encode
a inflammatory response-modulating activity of a reference
amino-acyl tRNA transferase polynucleotide or polypeptide,
such as the exemplary reference polypeptide sequences of
SEQIDNOS: 1,2,3,6,8, 10, 12, 14, 16, 25, 28, 30, 32-108,
and 109-115, or exemplary the reference nucleotide
sequences of SEQIDNOS: 4,7,9,11,13,15,17,19,and 31.

Biologically active fragments also include naturally occur-
ring splice variants of a reference AARS sequence, as well as
proteolytic fragments of AARS polypeptides.
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“Proteolytic fragments,” or the sequence of proteolytic
fragments, can be identified or derived according to a variety
of'techniques. For instance, as exemplified herein, proteolytic
fragments can be identified in vitro, such as by incubating
AARS polypeptides with selected proteases, or they can be
identified endogenously (i.e., in vivo). In certain embodi-
ments, endogenous proteolytic fragments can be generated or
identified, for instance, by recombinantly expressing AARS
polypeptides in a selected microorganism or eukaryotic cell
that has been either modified to contain one or more selected
proteases, or that naturally contains one or more proteases
that are capable of acting on an AARS polypeptide, and
isolating and characterizing the endogenously produced pro-
teolytic fragments therefrom. Examples of such proteolytic
fragments include Q1-Q4, as described herein, as well as the
proteolytic fragments illustrated in Tables C-1, including vari-
ants thereof.

In certain embodiments, naturally-occurring endogenous
proteolytic fragments can be generated or identified, for
instance, from various cellular fractions (e.g., cytosolic,
membrane, nuclear) and/or growth medium of various cell-
types, including, for example, macrophages such as RAW
macrophages (e.g., RAW 264.7 macrophages; see Example
5), T-cells, including primary T-cells and T-cell lines such as
Jurkats, and natural killer (NK) cells, among others. In certain
embodiments, endogenous proteolytic fragments, however
generated, can be identified by techniques such as mass-
spectrometry, or equivalent techniques. Once an in vitro or
endogenously identified proteolytic fragment has been gen-
erated or identified, then it can be sequenced and cloned into
an expression vector for recombinant production, or pro-
duced synthetically.

Representative biologically active fragments generally
participate in an interaction, e.g., an intramolecular or an
inter-molecular interaction. An inter-molecular interaction
can be a specific binding interaction or an enzymatic interac-
tion. An inter-molecular interaction can be between an AARS
polypeptide and a target molecule, such as another AARS
polypeptide or a target molecule involved in modulating the
process of inflammation (e.g., cytokine production or secre-
tion, immune cell migration or recruitment, immune cell
response to self or foreign antigens, adhesion). Biologically
active fragments of an AARS polypeptide include polypep-
tide fragments comprising amino acid sequences with suffi-
cient similarity or identity to, or which are derived from, the
amino acid sequences of any of SEQIDNOS: 1, 2,3, 6, 8, 10,
12,14, 16, 25, 28,30, 32-108, or 109-115, including biologi-
cally active portions thereof, or are encoded by a nucleotide
sequences of SEQ IDNOS: 4,7,9, 11, 13, 15,17, 19, or 31.

By “coding sequence” is meant any nucleic acid sequence
that contributes to the code for the polypeptide product of a
gene. By contrast, the term “non-coding sequence” refers to
any nucleic acid sequence that does not contribute to the code
for the polypeptide product of a gene.

Throughout this specification, unless the context requires
otherwise, the words “comprise,” “comprises,” and “compris-
ing” will be understood to imply the inclusion of a stated step
or element or group of steps or elements but not the exclusion
of any other step or element or group of steps or elements.

By “consisting of” is meant including, and limited to,
whatever follows the phrase “consisting of”” Thus, the phrase
“consisting of” indicates that the listed elements are required
or mandatory, and that no other elements may be present. By
“consisting essentially of” is meant including any elements
listed after the phrase, and limited to other elements that do
not interfere with or contribute to the activity or action speci-
fied in the disclosure for the listed elements. Thus, the phrase
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“consisting essentially of” indicates that the listed elements
are required or mandatory, but that other elements are
optional and may or may not be present depending upon
whether or not they materially affect the activity or action of
the listed elements.

The terms “complementary” and “complementarity” refer
to polynucleotides (i.e., a sequence of nucleotides) related by
the base-pairing rules. For example, the sequence “A-G-T,” is
complementary to the sequence “T-C-A.” Complementarity
may be “partial,” in which only some of the nucleic acids’
bases are matched according to the base pairing rules. Or,
there may be “complete” or “total” complementarity between
the nucleic acids. The degree of complementarity between
nucleic acid strands has significant effects on the efficiency
and strength of hybridization between nucleic acid strands.

By “corresponds to” or “corresponding to” is meant (a) a
polynucleotide having a nucleotide sequence that is substan-
tially identical or complementary to all or a portion of a
reference polynucleotide sequence or encoding an amino acid
sequence identical to an amino acid sequence in a peptide or
protein; or (b) a peptide or polypeptide having an amino acid
sequence thatis substantially identical to a sequence of amino
acids in a reference peptide or protein.

By “derivative” is meant a polypeptide that has been
derived from the basic sequence by modification, for example
by conjugation or complexing with other chemical moieties
(e.g., pegylation) or by post-translational modification tech-
niques as would be understood in the art. The term “deriva-
tive” also includes within its scope alterations that have been
made to a parent sequence including additions or deletions
that provide for functionally equivalent molecules.

As used herein, the terms “function” and “functional” and
the like refer to a biological, enzymatic, or therapeutic func-
tion.

By “gene” is meant a unit of inheritance that occupies a
specific locus on a chromosome and consists of transcrip-
tional and/or translational regulatory sequences and/or a cod-
ing region and/or non-translated sequences (i.e., introns, 5'
and 3' untranslated sequences).

“Homology” refers to the percentage number of amino
acids that are identical or constitute conservative substitu-
tions. Homology may be determined using sequence com-
parison programs such as GAP (Deveraux et al., 1984,
Nucleic Acids Research 12, 387-395), which is incorporated
herein by reference. In this way sequences of a similar or
substantially different length to those cited herein could be
compared by insertion of gaps into the alignment, such gaps
being determined, for example, by the comparison algorithm
used by GAP.

The term “host cell” includes an individual cell or cell
culture that can be or has been a recipient of any recombinant
vector(s) or isolated polynucleotide of the invention. Host
cells include progeny of a single host cell, and the progeny
may not necessarily be completely identical (in morphology
or in total DNA complement) to the original parent cell due to
natural, accidental, or deliberate mutation and/or change. A
host cell includes cells transfected or infected in vivo or in
vitro with a recombinant vector or a polynucleotide of the
invention. A host cell which comprises a recombinant vector
of the invention is a recombinant host cell.

By “isolated” is meant material that is substantially or
essentially free from components that normally accompany it
in its native state. For example, an “isolated polynucleotide,”
as used herein, includes a polynucleotide that has been puri-
fied from the sequences that flank it in its naturally-occurring
state, e.g., a DNA fragment which has been removed from the
sequences that are normally adjacent to the fragment. Alter-
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natively, an “isolated peptide” or an “isolated polypeptide”
and the like, as used herein, includes the in vitro isolation
and/or purification of a peptide or polypeptide molecule from
its natural cellular environment, and from association with
other components of the cell; i.e., it is not significantly asso-
ciated with in vivo substances.

By “obtained from™ is meant that a sample such as, for
example, a polynucleotide extract or polypeptide extract is
isolated from, or derived from, a particular source of the
subject. For example, the extract can be obtained from a tissue
or a biological fluid isolated directly from the subject.

The term “oligonucleotide” as used herein refers to a poly-
mer composed of a multiplicity of nucleotide residues (deox-
yribonucleotides or ribonucleotides, or related structural
variants or synthetic analogues thereof) linked via phos-
phodiester bonds (or related structural variants or synthetic
analogues thereof). Thus, while the term “oligonucleotide”
typically refers to a nucleotide polymer in which the nucle-
otide residues and linkages between them are naturally occur-
ring, it will be understood that the term also includes within
its scope various analogues including, but not restricted to,
peptide nucleic acids (PNAs), phosphoramidates, phospho-
rothioates, methyl phosphonates, 2-O-methyl ribonucleic
acids, and the like. The exact size of the molecule can vary
depending on the particular application. An oligonucleotide
is typically rather short in length, generally from about 10 to
30 nucleotide residues, but the term can refer to molecules of
any length, although the term “polynucleotide” or “nucleic
acid” is typically used for large oligonucleotides.

The term “operably linked” as used herein means placing a
structural gene under the regulatory control of a promoter,
which then controls the transcription and optionally transla-
tion of the gene. In the construction of heterologous pro-
moter/structural gene combinations, it is generally preferred
to position the genetic sequence or promoter at a distance
from the gene transcription start site that is approximately the
same as the distance between that genetic sequence or pro-
moter and the gene it controls in its natural setting; i.e., the
gene from which the genetic sequence or promoter is derived.
As is known in the art, some variation in this distance can be
accommodated without loss of function. Similarly, the pre-
ferred positioning of a regulatory sequence element with
respectto a heterologous gene to be placed under its control is
defined by the positioning of the element in its natural setting;
i.e., the genes from which it is derived.

The recitation “polynucleotide” or “nucleic acid” as used
herein designates mRNA, RNA, cRNA, cDNA or DNA. The
term typically refers to polymeric form of nucleotides of at
least 10 bases in length, either ribonucleotides or deoxynucle-
otides or a modified form of either type of nucleotide. The
term includes single and double stranded forms of DNA.

The terms “polynucleotide variant™ and “variant” and the
like refer to polynucleotides displaying substantial sequence
identity with a reference AARS polynucleotide sequence or
polynucleotides that hybridize to an AARS reference
sequence under stringent conditions that are defined herein-
after. These terms also encompass polynucleotides that are
distinguished from a reference polynucleotide by the addi-
tion, deletion or substitution of at least one nucleotide.
Accordingly, the terms “polynucleotide variant” and “vari-
ant” include polynucleotides in which one or more nucle-
otides have been added or deleted, or replaced with different
nucleotides. In this regard, it is well understood in the art that
certain alterations inclusive of mutations, additions, deletions
and substitutions can be made to a reference polynucleotide
whereby the altered polynucleotide retains the biological
function or activity of the reference polynucleotide. Poly-
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nucleotide variants include, for example, polynucleotides
having at least 50% (and at least 51% to at least 99% and all
integer percentages in between) sequence identity with the
sequence set forthin SEQ IDNO:4,7,9,11,13,15,17,19, or
31, or portions thereof that encode a biologically active frag-
ment of an AARS polypeptide. The terms “polynucleotide
variant” and “variant” also include naturally occurring allelic
variants.

“Polypeptide,” “polypeptide fragment,” “peptide” and
“protein” are used interchangeably herein to refer to a poly-
mer of amino acid residues and to variants and synthetic
analogues of the same. Thus, these terms apply to amino acid
polymers in which one or more amino acid residues are syn-
thetic non-naturally occurring amino acids, such as a chemi-
cal analogue of a corresponding naturally occurring amino
acid, as well as to naturally-occurring amino acid polymers.

The term “aminoacyl-tRNA synthetase” (AARS) refers
generally to enzymes that in their natural or wild-type form
are capable of catalyzing the esterification of a specific amino
acid or its precursor to one of all its compatible cognate
tRNAs to form an aminoacyl-tRNA. In this “canonical” activ-
ity, aminoacyl-tRNA synthetases catalyse a two-step reac-
tion: first, they activate their respective amino acid by forming
an aminoacyl-adenylate, in which the carboxyl of the amino
acid is linked in to the alpha-phosphate of ATP by displacing
pyrophosphate, and then, when the correct tRNA is bound,
the aminoacyl group of the aminoacyl-adenylate is trans-
ferred to the 2' or 3' terminal OH of the tRNA.

Class I aminoacyl-tRNA synthetases typically have two
highly conserved sequence motifs. These enzymes aminoa-
cylate at the 2'-OH of an adenosine nucleotide, and are usu-
ally monomeric or dimeric. Class II aminoacyl-tRNA syn-
thetases typically have three highly conserved sequence
motifs. These enzymes aminoacylate at the 3'-OH of the same
adenosine, and are usually dimeric or tetrameric. The active
sites of class 1l enzymes are mainly made up of a seven-
stranded anti-parallel $-sheet flanked by c-helices. Although
phenylalanine-tRNA synthetase is class II, it aminoacylates
at the 2'-OH.

AARS polypeptides include tyrosyl-tRNA synthetases
(YRS), tryptophanyl-tRNA synthetases (WRS), glutaminyl-
tRNA synthetases (QRS), glycyl-tRNA synthetases (GlyRS),
histidyl-tRNA synthetases, seryl-tRNA synthetases, pheny-
lalanyl-tRNA synthetases, alanyl-tRNA synthetases, aspar-
aginyl-tRNA synthetases (AsnRS), aspartyl-tRNA syn-
thetases (AspRS), cysteinyl-tRNA synthetases (CysRS),
glutamyltRNA  synthetases, prolyl-tRNA synthetases
(ProRS), arginyl-tRNA synthetases, isoleucyl-tRNA syn-
thetases, leucyl-tRNA synthetases, lysyl-tRNA synthetases,
threonyl-tRNA synthetases, methionyl-tRNA synthetases,
and valyl-tRNA synthetases. The full-length wild-type
sequences of these AARS polypeptides are known in the art.
Also included within the meaning of AARS polypeptides are
aminoacyl tRNA synthetase-interacting multifunctional pro-
teins (AIMPs), including AIMP-1 (or p43), AIMP-2 (or p38),
and AIMP-3 (or p18).

The recitations “polypeptides,” “polypeptide fragments,”
“truncated polypeptides” or “variants thereof” encompass,
without limitation, polypeptides having the amino acid
sequence that shares at least 50% (and at least 51% to at least
99% and all integer percentages in between) sequence iden-
tity with a reference AARS sequence, such as the amino acid
sequence of a human or mouse AARS polypeptide, including
biologically active fragments thereof, such as fragments hav-
ing at least about 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 120,
140, 160, 180, 200, 220, 240, 260, 280, 300, 350, 400, 450,
500, 550, 600, 650, 700 or more contiguous amino acids of
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the reference sequences, including all integers in between.
These recitations further encompass natural allelic variation
of AARS polypeptides that may exist and occur from one
genus or species to another. [llustrative reference sequences
include those set forth in any one of SEQ ID NOS: 1, 2, 3, 6,
8, 10, 12, 14, 16, 25, 28, 30, 32-108, and 109-115.

AARS polypeptides, including truncations, fragments,
and/or variants thereof, encompass polypeptides that exhibit
at least about 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%,
90%, 100%, 110%, 120%, 130%, 140%, 150%, 200%, 300%,
400%, 500%, 600%, 700%, 800%, 900%, 1000% or more of
the specific biological activity of a reference AARS polypep-
tide (e.g., an inflammatory response-modulating activity in a
subject or in vitro). Merely by way of illustration, AARS-
related non-canonical biological activity may be quantified,
for example, by measuring the ability of an AARS polypep-
tide to reduce migration of immune cells such as granulocytes
to a site of inflammation, including the lungs, or by measuring
the effect of an AARS polypeptide on an immune cells
response to a given antigen, whether self or foreign. In certain
embodiments, AARS polypeptides desensitize immune cells
such as neutrophils to an antigen, and thereby reduce the
recruitment of these cells to sites of inflammation. In certain
embodiments, AARS polypeptides modulate inflammatory
response of immune cells, or modulate the levels or activities
of'various inflammatory molecules, among others. Suitable in
vitro models for assaying immune cell are described herein
(see Example 1) and known in the art. AARS polypeptides,
including truncations and/or variants thereof, having substan-
tially reduced biological activity relative to areference AARS
polypeptide are those that exhibit less than about 25%, 10%,
5% or 1% of the specific activity of a biologically active
reference AARS polypeptide (i.e., having a non-canonical
activity).

The recitation polypeptide “variant” refers to polypeptides
that are distinguished from a reference polypeptide by the
addition, deletion or substitution of at least one amino acid
residue. In certain embodiments, a polypeptide variant is
distinguished from a reference polypeptide by one or more
substitutions, which may be conservative or non-conserva-
tive. In certain embodiments, the polypeptide variant com-
prises conservative substitutions and, in this regard, it is well
understood in the art that some amino acids may be changed
to others with broadly similar properties without changing the
nature of the activity of the polypeptide. Polypeptide variants
also encompass polypeptides in which one or more amino
acids have been added or deleted, or replaced with different
amino acid residues.

The present invention contemplates the use in the methods
described herein of variants of full-length AARS polypep-
tides (e.g., a full-length YRS polypeptide having a Y341A
substitution), truncated fragments of full-length AARS
polypeptides, splice variants, proteolytic fragments, includ-
ing endogenous proteolytic fragments, and variants of such
fragments, as well as their related biologically active frag-
ments. Biologically active fragments of an AARS polypep-
tide include peptides comprising amino acid sequences suf-
ficiently similar to, or derived from, the amino acid sequences
of a (putative) full-length AARS polypeptide sequence, such
as SEQ ID NO:1, or portions thereof, or the polypeptides of
SEQIDNOS:2,3, 6,8, 10, 12, 14, 16, 25, 28, 30, 32-108, or
109-115.

Typically, biologically active fragments comprise a
domain or motif with at least one activity of an AARS
polypeptide and may include one or more (and in some cases
all) of the various active domains, and include fragments
having an inflammatory response-modulating activity. In
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some cases, biologically active fragments of an AARS
polypeptide have a biological activity (e.g., modulating
cytokine secretion, modulating migration of immune cells)
that is unique to the particular, truncated fragment, such that
the full-length AARS polypeptide may not have that activity.
In certain cases, the biological activity may be revealed by
separating the biologically active AARS polypeptide frag-
ment from the other full-length AARS polypeptide
sequences, or by altering certain residues (e.g., Y341 A of the
YRS polypeptide) of the full-length AARS wild-type
polypeptide sequence to unmask the biologically active
domains. A biologically active fragment of a truncated AARS
polypeptide can be a polypeptide fragment which is, for
example, 10, 11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23,
24,25,26,27,28,29, 30, 40, 50, 60, 70, 80, 90, 100, 110, 120,
130, 140, 150, 160, 170, 180, 190, 200, 220, 240, 260, 280,
300, 320, 340, 360, 380, 400, 450, 500, 550, 600, 650, 700,
750 or more contiguous or non-contiguous (e.g., splice vari-
ants are sometimes non-contiguous) amino acids, including
all integers in between, of the amino acid sequences set forth
inany one of SEQIDNOS: 1,2, 3,6,8, 10,12, 14,16, 25, 28,
30, 32-108, or 109-115, or the known amino acid sequences
of'the various human AARS polypeptides. In certain embodi-
ments, a biologically active fragment comprises an inflam-
matory response-modulating sequence, domain, or motif.
Suitably, the biologically-active fragment has no less than
about 1%, 10%, 25%, or 50% of an activity of the biologically
active (i.e., non-canonical biological activity) polypeptide
from which it is derived.

The recitations “sequence identity” or, for example, com-
prising a “sequence 50% identical to,” as used herein, refer to
the extent that sequences are identical on a nucleotide-by-
nucleotide basis or an amino acid-by-amino acid basis over a
window of comparison. Thus, a “percentage of sequence
identity” may be calculated by comparing two optimally
aligned sequences over the window of comparison, determin-
ing the number of positions at which the identical nucleic acid
base (e.g., A, T, C, G, I) or the identical amino acid residue
(e.g., Ala, Pro, Ser, Thr, Gly, Val, Leu, Ile, Phe, Tyr, Trp, Lys,
Arg, His, Asp, Glu, Asn, Gln, Cys and Met) occurs in both
sequences to yield the number of matched positions, dividing
the number of matched positions by the total number of
positions in the window of comparison (i.e., the window
size), and multiplying the result by 100 to yield the percent-
age of sequence identity.

Terms used to describe sequence relationships between
two or more polynucleotides or polypeptides include “refer-
ence sequence”, “comparison window”, “sequence identity”,
“percentage of sequence identity” and “substantial identity”.
A “reference sequence” is at least 12 but frequently 15 to 18
and often at least 25 monomer units, inclusive of nucleotides
and amino acid residues, in length. Because two polynucle-
otides may each comprise (1) a sequence (i.e., only a portion
of the complete polynucleotide sequence) that is similar
between the two polynucleotides, and (2) a sequence that is
divergent between the two polynucleotides, sequence com-
parisons between two (or more) polynucleotides are typically
performed by comparing sequences of the two polynucle-
otides over a “comparison window” to identify and compare
local regions of sequence similarity. A “comparison window”
refers to a conceptual segment of at least 6 contiguous posi-
tions, usually about 50 to about 100, more usually about 100
to about 150 in which a sequence is compared to a reference
sequence of the same number of contiguous positions after
the two sequences are optimally aligned. The comparison
window may comprise additions or deletions (i.e., gaps) of
about 20% or less as compared to the reference sequence
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(which does not comprise additions or deletions) for optimal
alignment of the two sequences. Optimal alignment of
sequences for aligning a comparison window may be con-
ducted by computerized implementations of algorithms
(GAP, BESTFIT, FASTA, and TFASTA in the Wisconsin
Genetics Software Package Release 7.0, Genetics Computer
Group, 575 Science Drive Madison, Wis., USA) or by inspec-
tion and the best alignment (i.e., resulting in the highest
percentage homology over the comparison window) gener-
ated by any of the various methods selected. Reference also
may be made to the BLAST family of programs as for
example disclosed by Altschul et al., 1997, Nucl. Acids Res.
25:3389. A detailed discussion of sequence analysis can be
found in Unit 19.3 of Ausubel et al., “Current Protocols in
Molecular Biology,” John Wiley & Sons Inc, 1994-1998,
Chapter 15.

A “subject,” as used herein, includes any animal that exhib-
its a symptom, or is at risk for exhibiting a symptom, which
can be treated with either an AARS polypeptide of the inven-
tion, cells (e.g., stem cells) that have been treated ex vivo or in
vitro with an AARS polypeptide, or both. Suitable subjects
(patients) include laboratory animals (such as mouse, rat,
rabbit, or guinea pig), farm animals, and domestic animals or
pets (such as a cat or dog). Non-human primates and, prefer-
ably, human patients, are included. Certain embodiments
include subjects that exhibit, or are at risk for exhibiting, an
increased or pathological inflammatory response, or an insuf-
ficient inflammatory response.

An “effective concentration” of an aminoacyl-tRNA syn-
thetase polypeptide refers to an amount that is capable of
modulating or regulating an inflammatory response or
inflammation in any desired way, as compared to a control
polypeptide or no polypeptide, whether in a cell in vitro or ex
vivo, in a tissue, or in a subject. One example of a inflamma-
tory response-modulating activity includes reducing migra-
tion of immune cells such as granulocytes (e.g., neutrophils,
eosinophils) or lymphocytes to selected tissues, such as the
lung. Another example includes desensitizing immune cells
to an antigen. A further example of an inflammatory
response-modulating activity includes the modulation of
cytokine production. Other examples will be apparent from
the description provided herein and the understanding in the
art.

An “immune cell” includes any cell of the vertebrate
immune system, including lymphocytes such as B-cells,
killer T-cells (i.e., CD8+ T-cells), helper T-cells (i.e., CD4+
T-cells, including T,1 and T,,2 cells), natural killer cells, and
vd T-cells, monocytes, macrophages, neutrophils, dendritic
cells, mast cells, eosinophils, and basophils.

A “megakaryocyte” refers generally to a bone marrow cell
that is responsible for the production of blood thrombocytes
(i.e., platelets), which are necessary for normal blood clot-
ting. Megakaryocytes typically account for 1 out of 10,000
bone marrow cells. Megakaryocytes are derived from pluri-
potent hematopoietic stem cell precursor cells in the bone
marrow. Thrombopoietin (TPO) is the primary signal for
megakaryocyte production, i.e., TPO is sufficient but not
absolutely necessary for inducing differentiation of progeni-
tor cells in the bone marrow towards a final megakaryocyte
phenotype. Other molecular signals for megakaryocyte dif-
ferentiation include GM-CSF, IL-3, 1L-6, IL-11, chemokines
(SDF-1; FGF-4), and erythropoietin.

Megakaryocytes are believed to develop through the fol-
lowing lineage: CFU-Me (pluripotential hematopoietic stem
cell or hemocytoblast)—megakaryoblast—
promegakaryocyte—megakaryocyte. At the megakaryoblast
stage, the cell loses its ability to divide, but is still able to
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replicate its DNA and continue development, becoming poly-
ploid. Upon maturation, megakaryocytes begin the process of
producing platelets, or thrombocytes. Thrombopoietin plays
a role in inducing the megakaryocyte to form small proto-
platelet processes, or cytoplasmic internal membranes for
storing platelets prior to release. Upon release, each of these
proto-platelet processes can give rise to 2000-5000 new plate-
lets. Overall, about %4 of the newly-released platelets will
remain in circulation and about ¥4 will be sequestered by the
spleen. After releasing the platelets, the remaining cell
nucleus typically crosses the bone marrow barrier to the blood
and is consumed in the lung by alveolar macrophages. Mega-
karyocytopenia, also referred to as megakaryophthisis, is a
scarcity of megakaryocytes in the bone marrow.

An “erythrocyte” refers to a red blood cell that consists
mainly of hemoglobin, a complex metalloprotein containing
heme groups whose iron atoms temporarily link to oxygen
molecules (O,) in the lungs. Erythrocytes are produced by a
process called erythropoiesis, in which they develop from
committed stem cells through reticulocytes to mature eryth-
rocytes in about 7 days and live a total of about 100-120 days.
“Polycythemias™ (or erythrocytoses) are diseases character-
ized by a surplus of erythrocytes, in which the increased
viscosity of the blood can cause a number of symptoms.
“Anemias” are diseases characterized by low oxygen trans-
port capacity of the blood, because of low red cell count or
some abnormality of the red blood cells or the hemoglobin.

A “granulocyte” refers to a white blood cell that is charac-
terized by the presence of granules in its cytoplasm. Granu-
locytes are also referred to as polymorphonuclear leukocytes
(PMN or PML), because of the varying shapes of the nuclei.
Examples of granulocytes include neutrophils, eosinophils,
and basophils.

A “neutrophil,” or neutrophil granulocyte, refers generally
to an abundant type of white blood cells in humans, which,
together with basophils and eosinophils, form part of the
polymorphonuclear cell family (PMNs). Neutrophils can be
readily identified according to their unique staining charac-
teristics on hematoxylin and eosin (H&E) histological or
cytological preparations. Neutrophils are normally found in
the blood stream, but are one of the first group of inflamma-
tory cells to migrate toward inflammation sites during the
beginning (i.e., acute) phase of inflammation, mainly as a
result of infection or cancer. Typically, neutrophils first
migrate through the blood vessels, and then through intersti-
tial tissues, following chemical signals (e.g., interleukin-8
(IL-8), interferon-gamma (IFN-gamma), and C5a) that origi-
nate at the site of inflammation. “Neutropenia” refers to the
presence of low neutrophil counts, which may result from a
congenital (genetic) disorder, or may develop due to other
conditions, as in the case of aplastic anemia or some kinds of
leukemia. “Neutrophilia” refers to an abnormally high neu-
trophil count.

“Eosinophils,” also called eosinophilic leukocytes, refer to
leukocytes that have coarse round granules of uniform size
within their cytoplasm, and which typically have a bilobate
(two-lobed) nucleus. The cytoplasmic granules of eosino-
phils stain red with the dye eosin. Eosinophils normally con-
stitute about 1% to about 3% of the peripheral blood leuko-
cytes, at a count of about 350 to 650 per cubic millimeter.
Eosinophil counts in blood often rise above the normal range
during allergic reactions and parasitic infections, such as
worms. “Eosinopenia” refers to a form of agranulocytosis in
which the number of eosinophil granulocyte is lower than
expected. “Eosinophilia” refers to an abnormally high num-
ber of eosinophils in the blood. For example, eosinophilia can
be categorized as mild (less than about 1500 eosinophils per
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cubic millimeter), moderate (about 1500 to about 5000 per
cubic millimeter), or severe (more than about 5000 per cubic
millimeter). In primary eosinophilia, the increased produc-
tion of eosinophils is typically due to an abnormality in
hematopoietic stem cells, such as in eosinophilic leukemia. In
secondary eosinophilia, the increased production of eosino-
phils is typically due to a reactive process driven by cytokines.

Basophils, also called basophilic leukocytes, refer to leu-
kocytes that have coarse bluish-black granules of uniform
size within the cytoplasm, and which typically have a bilobate
(two-lobed) nucleus. The cytoplasmic granules of basophils
stain with basic dyes. Basophils normally constitute about
0.5% to 3% of the peripheral blood leukocytes. Basophils
store and release histamine and serotonin, among other
chemicals. Basophils are capable of ingesting foreign par-
ticles, and also produce, store and release heparin, serotonin,
and histamine. The release of inflammatory chemicals such as
heparin and histamine is often associated with asthma and
allergies. Basophils are produced continually by stem cells in
the bone marrow. “Basopenia” refers to a low basophil count
(e.g., less than about 0.01x10° per liter of blood), and “baso-
philia” refers to a high basophil count (e.g., more than about
10'° per liter of blood).

“Lymphocytes” refer generally to white blood cells of the
vertebrate immune system, and include B-cells, T-cells (e.g.,
helper T-cells, cytotoxic T-cells, yd T-cells), and natural killer
(NK) cells. Generally, and merely for illustrative purposes,
B-cells produce and secrete antibodies, T-helper cells release
cytokines and growth factors that regulate other immune
cells, cytotoxic T-cells (CTLs) lyse virally infected cells,
tumour cells and allografts, and NK cells lyse virally infected
cells and tumour cells. “Lymphocytopenia” is characterized
by abnormally low level of lymphocytes in the blood. The
normal total lymphocyte count is typically about 1000 to
4800/uL in adults, and about 3000 to 9500/uL. in children
younger than 2 years. At age 6, the lower limit of normal total
lymphocyte count is about 1500/uL.. Lymphocytopenia is
often characterized by a total lymphocyte count of <1000/uL,
in adults or <3000/uL in children younger than 2 years. Spe-
cific examples of lymphocytopenia include T-lymphocytope-
nia, in which there are too few T-cells (e.g., CD4+ T-cell
counts below about 300 cells/uL.) but often normal numbers
of'other lymphocytes, B lymphocytopenia, in which there are
too few B lymphocytes but often normal numbers of other
lymphocytes, and NK lymphocytopenia, in which there are
there are too few natural killer cells but often normal numbers
of other lymphocytes.

“Lymphocytosis” refers to an abnormally high lymphocyte
count, often characterized by a total lymphocyte count that is
more than 40% above normal. In adults, absolute lymphocy-
tosis is typically present when the absolute lymphocyte count
is greater than 4000 per microliter, in older children greater
than 7000 per microliter, and in infants greater than 9000 per
microliter. Relative lymphocytosis may occur when there is a
higher proportion (greater than 40%) of lymphocytes among
the white blood cells, and when lymphocyte count (ALC) is
normal (less than about 4000 per microliter).

The term “modulating” includes “increasing” or “stimu-
lating,” as well as “decreasing” or “reducing,” typically in a
statistically significant or a physiologically significant
amount.

The terms “enhance” or “enhancing,” or “increase” or
“increasing,” or “stimulate” or “stimulating,” refer generally
to the ability of one or agents or compositions to produce or
cause a greater physiological response (i.e., downstream
effects) in a cell, as compared to the response caused by either
no AARS polypeptide or a control molecule/composition. A
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measurable physiological response may include greater cell
growth, expansion, adhesion, or migration, among others
apparent from the understanding in the art and the description
herein. Among other methods known in the art, in vitro
colony formation assays represent one way to measure cellu-
lar responses to agents provided herein. A measurable physi-
ological response may also include a clinical response, such
as altered inflammation, as measured, for example, by body
temperature, redness, swelling, or other clinical marker of
inflammation. An “increased” or “enhanced” amount is typi-
cally a “statistically significant” amount, and may include an
increase thatis 1.1,1.2,2,3,4,5,6,7,8,9, 10, 15, 20, 30 or
more times (e.g., 500, 1000 times) (including all integers and
decimal points in between and above 1),e.g.,1.5,1.6,1.7.1.8,
etc.) the amount produced by no AARS polypeptide (the
absence of an agent) or a control composition.

Theterm “reduce” may relate generally to the ability of one
or more AARS polypeptides of the invention to “decrease” a
relevant physiological or cellular response, such as a symp-
tom of a disease or condition described herein, as measured
according to routine techniques in the diagnostic art.
Examples include decreased migration of immune cells such
as granulocytes to the lung, and decreased inflammation of
the lung. A measurable physiological response may include
decreased inflammation, as measured, for example, by body
temperature, redness, swelling, or other clinical marker of
inflammation. Relevant physiological or cellular responses
(in vivo or in vitro) will be apparent to persons skilled in the
art. A “decrease” in a response may be statistically significant
as compared to the response produced by no AARS polypep-
tide or a control composition, and may include, for example,
a 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 11%, 12%,
13%, 14%, 15%, 16%, 17%, 18%, 19%, 20%, 25%, 30%,
35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%,
85%, 90%, 95%, or 100% decrease, including all integers in
between.

“Migration” refers to cellular migration, a process that can
be measured according to routine in vitro assays, as described
herein and known in the art (see, e.g., Example 8). Migration
also refers to in vivo migration, such as the migration of cells
from one tissue to another tissue (e.g., from bone marrow to
peripheral blood, or from peripheral blood to lung tissue), or
from a site within one tissue to another site within the same
tissue. Migration in vivo (e.g., chemotaxis) often occurs in a
response to infection or damaged/irritated tissue.

“Ditfferentiation” refers to the process by which a less
specialized (e.g., pluripotent, totipotent, multipotent, etc.)
cell becomes a more specialized cell type.

“Treatment” or “treating,” as used herein, includes any
desirable effect on the symptoms or pathology of'a disease or
condition associated with the modulation of inflammation, or
on the outcome of other primary treatments (e.g., infections,
allergies) that may benefit from the modulation of inflamma-
tion, and may include even minimal changes or improve-
ments in one or more measurable markers of the disease or
condition being treated. “Treatment” or “treating” does not
necessarily indicate complete eradication or cure of the dis-
ease or condition, or associated symptoms thereof. The sub-
ject receiving this treatment is any animal in need, including
primates, in particular humans, and other mammals such as
equines, cattle, swine and sheep; and poultry and pets in
general. Also included are “prophylactic” treatments, which
reduce the risk of developing a relevant disease or condition,
or of developing symptoms associated with the disease or
condition. Exemplary markers of clinical improvement
include without limitation altered body temperature, alter-
ations in immune cell count, and alterations in bacterial
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counts, whether following administration of an AARS
polypeptide, following administration of cells that have been
treated ex vivo or in vitro with an AARS polypeptide, or both.

By “vector” is meant a polynucleotide molecule, prefer-
ably a DNA molecule derived, for example, from a plasmid,
bacteriophage, yeast or virus, into which a polynucleotide can
be inserted or cloned. A vector preferably contains one or
more unique restriction sites and can be capable of autono-
mous replication in a defined host cell including a target cell
ortissue or a progenitor cell or tissue thereof, or be integrable
with the genome of the defined host such that the cloned
sequence is reproducible. Accordingly, the vector can be an
autonomously replicating vector, i.e., a vector that exists as an
extra-chromosomal entity, the replication of which is inde-
pendent of chromosomal replication, e.g., a linear or closed
circular plasmid, an extra-chromosomal element, a mini-
chromosome, or an artificial chromosome. The vector can
contain any means for assuring self-replication. Alternatively,
the vector can be one which, when introduced into the host
cell, is integrated into the genome and replicated together
with the chromosome(s) into which it has been integrated. A
vector system can comprise a single vector or plasmid, two or
more vectors or plasmids, which together contain the total
DNA to be introduced into the genome of the host cell, or a
transposon. The choice of the vector will typically depend on
the compatibility of the vector with the host cell into which
the vector is to be introduced. In the present case, the vector is
preferably one which is operably functional in a bacterial cell.
The vector can also include a selection marker such as an
antibiotic resistance gene that can be used for selection of
suitable transformants.

The terms “wild-type” and “naturally occurring” are used
interchangeably to refer to a gene or gene product that has the
characteristics of that gene or gene product when isolated
from a naturally occurring source. A wild-type gene or gene
product (e.g., a polypeptide) is that which is most frequently
observed in a population and is thus arbitrarily designed the
“normal” or “wild-type” form of the gene.
Aminoacyl-tRNA Polypeptides and Variants Thereof

The present invention relates in part to the observation that
aminoacyl-tRNA synthetase polypeptides, including trunca-
tions and variants thereof, modulate inflammatory responses
both in vivo and ex vivo (or in vitro). Accordingly, polypep-
tides of the present invention include a full-length aminoacyl-
tRNA synthetase polypeptide, in addition to any biologically
active fragments, or variants or modifications thereof, of an
aminoacyl-tRNA synthetase polypeptide, wherein the
polypeptide is capable of modulating an inflammatory
response, either in a subject, in vitro, or €x vivo.

Aminoacyl-tRNA synthetases typically catalyze the ami-
noacylation of tRNA with their cognate amino acid. Because
of their central role in linking amino acids with nucleotide
triplets contained in tRNAs, aminoacyl-tRNA synthetases are
thought to be among the first proteins that appeared in evo-
lution.

As noted above, examples of aminoacyl-tRNA synthetases
include tyrosyl-tRNA synthetases (YRS), tryptophanyl-
tRNA synthetases (WRS), glutaminyl-tRNA synthetases
(QRS), glycyl-tRNA synthetases (GlyRS), histidyl-tRNA
synthetases (HisRS), seryl-tRNA synthetases (SRS), pheny-
lalanyl-tRNA synthetases (PheRS), alanyl-tRNA synthetases
(AlaRS), asparaginyl-tRNA synthetases (AsnRS), aspartyl-
tRNA synthetases (AspRS), cysteinyl-tRNA synthetases
(CysRS), glutamyl-tRNA synthetases (ERS), prolyl-tRNA
synthetases (ProRS), arginyl-tRNA synthetases (RRS), iso-
leucyltRNA synthetases (IRS), leucyl-tRNA synthetases
(LRS), lysyl-tRNA synthetases (KRS), threonyl-tRNA syn-
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thetases (TRS), methionyl-tRNA synthetases (MRS), and
valyl-tRNA synthetases (VRS).

Tyrosyl-tRNA synthetases (YRS) belong to the class I
tRNA synthetase family, which has two highly conserved
sequence motifs at the active site, HIGH and KMSKS. Class
TtRNA synthetases aminoacylate at the 2'-OH of an adenos-
ine nucleotide, and are usually monomeric or dimeric (one or
two subunits, respectively).

The human tyrosyl-tRNA synthetase is composed of three
domains: 1) an amino-terminal Rossmann fold domain that is
responsible for formation of the activated E«Tyr-AMP inter-
mediate and is conserved among bacteria, archeae, and
eukaryotes; 2) atRNA anticodon recognition domain that has
not been conserved between bacteria and eukaryotes; and 3)
a carboxyl-terminal domain that is unique to the human
tyrosyl-tRNA synthetase, and whose primary structure is
49% identical to the putative human cytokine endothelial
monocyte-activating protein I, 50% identical to the car-
boxyl-terminal domain of methionyl-tRNA synthetase from
Caenorhabditis elegans, and 43% identical to the carboxyl-
terminal domain of Arclp from Saccharomyces cerevisiae.

The first two domains of the human tyrosyl-tRNA syn-
thetase are 52, 36, and 16% identical to tyrosyl-tRNA syn-
thetases from S. cerevisiae, Methanococcus jannaschii, and
Bacillus stearothermophilus, respectively. Nine of fifteen
amino acids known to be involved in the formation of the
tyrosyl-adenylate complex in B. stearothermophilus are con-
served across all of the organisms, whereas amino acids
involved in the recognition of tRNA®” are not conserved.
Kinetic analyses of recombinant human and B. stearothermo-
philus tyrosyl-tRNA synthetases expressed in Escherichia
coli indicate that human tyrosyl-tRNA synthetase aminoacy-
lates human but not B. stearothermophilus IRNA®”, and vice
versa. It is believed that the carboxyl-terminal domain of
human tyrosyl-tRNA synthetase evolved from gene duplica-
tion of the carboxyl-terminal domain of methionyl-tRNA
synthetase and may direct tRNA to the active site of the
enzyme.

Biological fragments of eukaryotic tyrosyl-tRNA syn-
thetases connect protein synthesis to cell-signaling pathways.
These fragments may be produced naturally by either alter-
native splicing or proteolysis, or by artificial proteolytic treat-
ment. For example, as provided in the present invention, the
N-terminal fragment mini-YRS is capable of modulating
inflammatory responses in vivo. In addition, certain muta-
tions in the full-length YRS polypeptide sequence confer
increased inflammatory response-modulating activity on the
reference sequence (e.g., Y341A). Examples of truncated
splice variants of the full-length YRS polypeptide sequence
include the SP1-SP5 polypeptides.

The full-length amino acid sequence of human tyrosyl-
tRNA synthetase is set forthin SEQ ID NO:1. The structure of
human mini-YRS (i.e., SEQ ID NO:3; or mini-Tyr), which
contains both the catalytic and the anticodon recognition
domain, has been reported to a resolution of 1.18 A. Whereas
the catalytic domains of the human and bacterial enzymes
superimpose, the spatial disposition of the anticodon recog-
nition domain relative to the catalytic domain is unique in
mini-YRS relative to the bacterial orthologs. Without wishing
to be bound by any one theory, the unique orientation of the
anticodon-recognition domain may explain why the fragment
mini-YRS is more active in various cell-signaling pathways.

Specific examples of YRS polypeptide variants include
full-length YRS polypeptides, or truncations or splice vari-
ants thereof, having one or more amino acid substitutions
selected from an R93Q substitution, an 114, substitution, an
N17G substitution, an 1.271 substitution, an A85S substitu-
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tion, and a V156L substitution, in addition to combinations
thereof. Particular examples of YRS polypeptide variants
include, but are not limited to, a YRS polypeptide having
amino acids 1-364 of SEQ ID NO:1 with an R93Q substitu-
tion, aYRS polypeptide having amino acids 1-353 of SEQ ID
NO:1 with an 1141 substitution, a YRS polypeptide having
amino acids 1-353 of SEQ ID NO:1 with an N17G substitu-
tion, aYRS polypeptide having amino acids 1-353 of SEQ ID
NO:1 with an 1271 substitution, a YRS polypeptide having
amino acids 1-353 of SEQ ID NO:1 with an A85S substitu-
tion, and a YRS polypeptide having amino acids 1-353 of
SEQ ID NO:1 with a V156L substitution.

Particular examples of biologically active YRS fragments
include, but are not limited to, C-terminally truncated tyrosyl-
tRNA synthetase polypeptides comprising or consisting of
amino acids 1-343, amino acids 1-344, amino acids 1-350,
amino acids 1-353, or amino acids 1-364 of the amino acid
sequence set forth in SEQ ID NO:1, in addition to the
polypeptides of SEQ ID NOS:3 and 6. Additional examples
of biologically active fragments include, but are not limited
to, N-terminally truncated tyrosyl-tRNA synthetase polypep-
tides comprising or consisting of the amino acid sequences
set forth in SEQ ID NOS: 6, 10, 12, and 14. These and other
YRS polypeptides are included within the AARS polypep-
tides of the present invention.

Histidyl-tRNA synthetases (HRS or HisRS) are a2 dimers
that belong to the class Ila tRNA synthetase family. A com-
pilation of primary structures of HisRSs shows that the sub-
units of these homo-dimeric enzymes consist of 420-550
amino acid residues. This represents a relatively short chain
length among AARSs, whose peptide chain sizes range from
about 300 to 1100 amino acid residues. SEQ ID NO:28 is the
amino acid sequence of the full length HisRS protein (NP__
002100.2). SEQ ID NO:30 is the amino acid sequence of the
HRS-SV9 splice variant, and SEQ ID NO:32 is the amino
acid sequence of the HRS-SV11 splice variant.

Examples of histidyl-tRNA synthetase polypeptides, and
variants or truncations thereof, include HisRS fragments
comprising at least the WHEP domain of HisRS, e.g., amino
acid residues 3-43 of the human full length HisRS protein and
HisRS fragments comprising at least the anticodon binding
domain of HisRS, e.g., amino acid residues 406-501 of the
full length human HisRS protein. Further examples include
HisRS fragments that lack a functional aminoacylation
domain, e.g., amino acid residues 54-398 of the human full
length HisRS protein or HisRS splice variant polypeptides
that comprise at least the WHEP domain and the anticodon
binding domain but lack a functional aminoacylation domain.

In certain embodiments, the HisRS polypeptide of the
invention comprises a sequence set forth in SEQ ID NOS:28,
30, or 32, or is a contiguous or non-contiguous (e.g., splice
variants may be non-contiguous) fragment of a polypeptide
set forth in SEQ ID NOS:28, 30, or 32. Illustratively, the
fragments may be of essentially any length, provided they
retain at least one non-canonical biological activity of inter-
est. For example, as further described herein, such a fragment
may comprise at least about 5, 10, 15, 20, 25, 50, 75 or 80, or
more, contiguous amino acid residues of SEQ ID NOS:28,
30, or 32.

In further embodiments of the invention, a HisRS polypep-
tide comprises an active variant (i.e., retains at least one
non-canonical biological activity of interest) of a sequence set
forth in SEQ ID NOS:28, 30, or 32. In certain embodiments,
the active variant is a polypeptide having at least 70%, 80%,
90%, 95% or 99% identity along its length to a sequence set
forth in SEQ ID NOS:28, 30, or 32. In certain embodiment,
the HisRS polypeptide of the invention is not a polypeptide
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consisting of residues 1-48 of the full length human HisRS
protein. These and other HisRS polypeptides are included
within the AARS polypeptides of the present invention.

Tryptophanyl-tRNA synthetases (WRS), also referred to as
tryptophan-tRNA ligases, belong to the class I tRNA syn-
thetase family. Tryptophanyl-tRNA synthetase catalyzes the
aminoacylation of tRNA”P with tryptophan, an essential
function in protein synthesis. Human WRS has a kinase
domain in the N-terminal region and a serine phosphorylation
site near the C-terminus.

Two main forms of human tryptophanyl-tRNA synthetase
are produced in vivo through alternative mRNA splicing, to
yield the full-length protein (SEQ ID NO: 33), and a fragment
thereof, often designated mini-WRS (SEQ ID NO:107). Also
included are human T1-WRS (SEQ ID NO:108) and
T2-WRS (SEQ ID NO:34), alternate splice variants that are
produced from an IFN-gamma-sensitive promoter, the latter
being an N-terminally truncated fragment of WRS, as well as
an N-terminal fragment (F1; SEQ ID NO:106) and fragment
of WRS referred to as “Tolstrup” (SEQ ID NO:35). Other
splice variants of human WRS are known in the art (see, e.g.,
Liuetal., Nucleic Acids Research, 32(2):719-27,2004, herein
incorporated by reference).

Structurally, full-length WRS contains three parts, a
canonical dinucleotide-binding fold, a dimer interface, and a
helical domain. This enzyme has enough structural homology
to tyrosyl-tRNA synthetase (YRS) that the two enzymes can
be described as conformational isomers. Structural elements
interacting with the activated amino acid, tryptophanyl-5'
AMP, are almost exactly as seen in the tyrosyl-5' AMP com-
plex. Also, side chains that recognize indole are also highly
conserved, and require reorientation of a “specificity-deter-
mining” helix containing a conserved aspartate to assure
selection of tryptophan versus tyrosine. The carboxy termi-
nus, which is disordered and therefore not seen in YRS, forms
part of the dimer interface in WRS (see Doublie et al., Struc-
ture. 3:17-31, 1995).

The crystal structure of human T2-WRS has been reported
at 2.5 A resolution. This variant shares a very low sequence
homology of 22% with Bacillus stearothermophilus WRS
(bWRS), however their overall structures are strikingly simi-
lar. Structural comparison of T2-WRS with bWRS reveals
substantial structural differences in the substrate-binding
pocket and at the entrance to the pocket that play important
roles in substrate binding and tRNA binding. T2-WRS has a
wide opening to the active site and adopts a compact confor-
mation similar to the closed conformation of bWRS. Model-
ing studies indicate that tRNA binds with the dimeric enzyme
and interacts primarily with the connective polypeptide 1 of
human WRS via its acceptor arm and the a-helical domain of
WRS via its anticodon loop.

The amino acid sequence of the full-length WRS polypep-
tide (or the main splice variant) is shown in SEQ ID NO:33.
The amino acid sequence of various splice variants or frag-
ments are shown in SEQ ID NOS:34 and 35. Accordingly,
these and other variants or fragments of WRS polypeptides
are included within the AARS polypeptides of the present
invention.

Glutaminyl-tRNA synthetases (QRS) belong to the class |
tRNA synthetase family, and the human protein is one of
several mammalian aminoacyl-tRNA synthetases that form a
macromolecular protein complex. The eukaryote-specific
N-terminal appendix of QRS appears to stabilize the associa-
tion of other components in the multi-ARS complex, whereas
the C-terminal catalytic domain is necessary for QRS asso-
ciation with the multi-AARS complex.
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The human QRS enzyme differs from both the bacterial
and yeast enzymes, suggesting that a considerable part of
human QRS has evolved to perform functions other than the
charging of tRNA. For instance, at least two distinct regions
(part I and part II) within the eukaryotic QRS (EC 6.1.1.18)
N-terminal region have no counterpart in Escherichia coli.
Even though these regions are thought to bind RNA in a
non-specific manner, enhancing interactions between the
tRNA and enzyme, they are not essential for enzyme function
(see, e.g., Wang et al., J. Biol. Chem. 274:16508-12, 1999).
Further, human and mouse cells express at least one QRS
variant that contains a deletion in part 1 of the N-terminal
region, possibly due to an alternate start codon or alternate
splicing. However, the available sequence data for yeast sug-
gests that these microorganisms do not express such a QRS
variant, but rather only express a QRS polypeptide that con-
tains both part [ and part I of the N-terminal region.

Molecular phylogenetic studies of QRS suggest that it has
relatively recently evolved from the closely related enzyme
glutamyl-tRNA synthetase. As evidence, selected glutami-
nyl-tRNA synthetase mutants display enhanced glutamic
acid recognition. For instance, mutagenesis of two residues
proximal to the active site, Phe-90 and Tyr-240, improves
glutamic acid recognition 3-5-fold in vitro and results in the
misacylation of tRNAZ™ with glutamic acid.

QRS has been crystallised in a variety of complexes, most
importantly with its cognate tRNA%”. The enzyme makes
extensive contacts with the concave face of the tRNA, and
makes specific interactions with the CUG anticodon at posi-
tions 34 to 36, and with the base pairs between the 5' end and
the 3' end of the tRNA, just before the aminoacyl acceptor.

Certain QRS polypeptides possess anti-apoptotic activi-
ties. For instance, human QRS interacts with Fas ligation
activated apoptosis signal-regulating kinase 1 (ASK1) in a
glutamine-dependent manner. This interaction involves the
catalytic domains of the two enzymes, and is dissociated by
Fas ligand. This interaction also inhibits both ASK1 activity,
as measured by in vitro kinase and transcription assays, and
cell death induced by ASK1, an effect that is weakened by
glutamine deprivation. The anti-apoptotic interaction of QRS
with ASK1 is therefore enhanced by the cellular concentra-
tion of glutamine and reduced by Fas ligation. This anti-
apoptotic activity is believed to lie in the C-terminal 539
amino acids of human QRS.

The amino acid sequence of the full-length QRS polypep-
tide is shown in SEQ ID NO:25. Certain specific examples of
QRS variants, truncations, or fragments include QRS
polypeptides that comprise or consist essentially of amino
acids 1-183 (QRS1 or Q1), 1-220 (QRS2 or Q2), 1-249
(QRS3 or QQ3), 1-200 (QRS4 or Q4), 1-(181-293), e.g., 1-180,
1-181, 1-182, 1-183, 1-184, 1-185, 1-186, 1-187, 1-188,
1-189, 1-190, 1-191, 1-192, 1-193, 1-194, 1-195, 1-196,
1-197,1-198, 1-199, 1-200, etc., of SEQ ID NO:25 (see Table
2). Also included are peptides of SEQ ID NOS:36-103 and
109-115. Accordingly, these and other variants of QRS
polypeptides are included within the AARS polypeptides of
the present invention.

GlycyltRNA synthetase (GIyRS) is an a2 dimer that
belongs to the class II family of tRNA synthetases (see, e.g.,
U.S. application Ser. No. 12/492,925, herein incorporated by
reference). The approximately 2462 bp cDNA for this gene
contains a large open reading frame (ORF) encoding 685
amino acids with predicted M(r)=77,507 Da. The protein
sequence of human GlyRS has approximately 60% identity
with B. mori GlyRS and 45% identity with S. cerevisiae
GlyRS, and contains motifs 2 and 3 characteristic of Class 11
tRNA synthetases
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The amino acid sequence of the full-length GlyRS
polypeptide is shown in SEQ ID NO:16. SEQ ID NOS:18-24
represent illustrative peptide sequences analyzed in deter-
mining GlyRS fragment boundaries.

Certain examples of GlyRS proteolytic fragments include
polypeptides that comprise, consist essentially of, or consist
of amino acid residues 57-685, 214-685, 239-685, 311-685,
439-685, 511-658, 214-438, 367-438, 214-420, 214-338,
85-127 1-213, 1-61, 85-214, 333-685, 128-685, 265-685,
483-685 or 25-56 of SEQ ID NO:16, including biologically
active truncations or variants thereof (e.g., variants having
about 80%, 85%, 90%, 95%, 98% sequence identity to the
fragments) that substantially retain at least one non-canonical
biological activity of interest. In certain specific embodi-
ments, the GlyRS polypeptide is not a polypeptide as set forth
in any one of NCBI # CR594947, U09587 and/or U09510.
Accordingly, these and other variants of GlyRS polypeptides
are included within the AARS polypeptides of the present
invention.

Additional examples of AARS polypeptides having non-
canonical activities include phenylalanyl-tRNA synthetase
(PheRS) splice variant polypeptides (PheRS_SV1P) (SEQID
NO:104), which have a unique amino acid sequence in the
C-terminal end that is different from the full-length human
PheRS protein sequence, including variants and fragments of
those PheRS polypeptides; and aspartyl-tRNA synthetase
(AspRS) polypeptides (SEQ ID NO:105), including frag-
ments thereof that consist essentially of amino acid residues
1-154,1-174,1-31,399-425, 413-476 or 397-425 of SEQ ID
NO:105.

Embodiments of the present invention contemplate the use
of compositions comprising AARS polypeptides, including
truncated fragments, splice variants, proteolytic fragments,
and variants and/or modified polypeptides thereof, for modu-
lating inflammation in a subject. Included are AARS polypep-
tides that reduce migration of immune cells such as granulo-
cytes to the lung, desensitize immune cells such as
granulocytes to a given antigen or irritant, or both, among
other inflammatory-modulating activities described herein
and known in the art. Variant proteins encompassed by the
present application are biologically active, that is, they con-
tinue to possess the inflammatory response-modulating activ-
ity of a reference AARS polypeptide sequence (e.g., SEQ ID
NOS: 1, 2, 3, 6, 8, 10, 12, 14, 16, 25, 28, 30, and 32-108,
109-115 etc.). Such variants may result from, for example,
genetic polymorphism or from human manipulation.

Biologically active variants of a reference AARS polypep-
tide fragment will have at least 40%, 50%, 60%, 70%, gen-
erally at least 75%, 80%, 85%, usually about 90% to 95% or
more, and typically about 98% or more sequence similarity or
identity with the amino acid sequence of a reference protein
as determined by sequence alignment programs described
elsewhere herein using default parameters. A biologically
active variant of a reference AARS polypeptide may differ
from that protein generally by as much 200, 100, 50 or 20
amino acid residues or suitably by as few as 1-15 amino acid
residues, as few as 1-10, such as 6-10, as few as 5, as few as
4,3, 2, or even 1 amino acid residue. In some embodiments,
an AARS polypeptide differs from the reference sequences in
SEQIDNOS:1,2,3,6,8,10,12, 14, 16, 25, 28, 30, 32-108,
or 109-115 by at least one but by less than 15, 10 or 5 amino
acid residues. In other embodiments, it differs from the ref-
erence sequences in SEQIDNOS: 1,2,3,6,8, 10,12, 14, 16,
25,28,30,32-108, or 109-115 by at least one residue but less
than 20%, 15%, 10% or 5% of the residues.

An AARS polypeptide may be altered in various ways
including amino acid substitutions, deletions, truncations,
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and insertions. Methods for such manipulations are generally
known in the art. For example, amino acid sequence variants
of a truncated and/or variant AARS polypeptide can be pre-
pared by mutations in the DNA. Methods for mutagenesis and
nucleotide sequence alterations are well known in the art. See,
for example, Kunkel (1985, Proc. Natl. Acad. Sci. USA. 82:
488-492), Kunkel et al., (1987, Methods in Enzymol, 154:
367-382), U.S. Pat. No. 4,873,192, Watson, J. D. et al., (“Mo-
lecular Biology of the Gene”, Fourth Edition, Benjamin/
Cummings, Menlo Park, Calif,, 1987) and the references
cited therein. Guidance as to appropriate amino acid substi-
tutions that do not affect biological activity of the protein of
interest may be found in the model of Dayhoff et al., (1978)
Atlas of Protein Sequence and Structure (Natl. Biomed. Res.
Found., Washington, D.C.). Methods for screening gene
products of combinatorial libraries made by point mutations
or truncation, and for screening cDNA libraries for gene
products having a selected property are known in the art. Such
methods are adaptable for rapid screening of the gene librar-
ies generated by combinatorial mutagenesis of AARS
polypeptides. Recursive ensemble mutagenesis (REM), a
technique which enhances the frequency of functional
mutants in the libraries, can be used in combination with the
screening assays to identify AARS polypeptide variants (Ar-
kin and Yourvan (1992) Proc. Natl. Acad. Sci. USA 89: 7811-
7815; Delgrave et al., (1993) Protein Engineering, 6: 327-
331). Conservative substitutions, such as exchanging one
amino acid with another having similar properties, may be
desirable as discussed in more detail below.

Biologically active truncated and/or variant AARS
polypeptides may contain conservative amino acid substitu-
tions at various locations along their sequence, as compared
to a reference AARS amino acid sequence (e.g., SEQ ID
NOS: 1, 2, 3, 6, 8, 10, 12, 14, 16, 25, 28, 30, 32-108, and
109-115). A “conservative amino acid substitution” is one in
which the amino acid residue is replaced with an amino acid
residue having a similar side chain. Families of amino acid
residues having similar side chains have been defined in the
art, which can be generally sub-classified as follows:

Acidic: The residue has a negative charge due to loss of H
ion at physiological pH and the residue is attracted by aque-
ous solution so as to seek the surface positions in the confor-
mation of a peptide in which it is contained when the peptide
is in aqueous medium at physiological pH. Amino acids hav-
ing an acidic side chain include glutamic acid and aspartic
acid.

Basic: The residue has a positive charge due to association
with H ion at physiological pH or within one or two pH units
thereof (e.g., histidine) and the residue is attracted by aqueous
solution so as to seek the surface positions in the conforma-
tion of a peptide in which it is contained when the peptide is
in aqueous medium at physiological pH. Amino acids having
a basic side chain include arginine, lysine and histidine.

Charged: The residues are charged at physiological pH
and, therefore, include amino acids having acidic or basic side
chains (i.e., glutamic acid, aspartic acid, arginine, lysine and
histidine).

Hydrophobic: The residues are not charged at physiologi-
cal pH and the residue is repelled by aqueous solution so as to
seek the inner positions in the conformation of a peptide in
which it is contained when the peptide is in aqueous medium.
Amino acids having a hydrophobic side chain include
tyrosine, valine, isoleucine, leucine, methionine, phenylala-
nine and tryptophan.

Neutral/polar: The residues are not charged at physiologi-
cal pH, but the residue is not sufficiently repelled by aqueous
solutions so that it would seek inner positions in the confor-
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mation of a peptide in which it is contained when the peptide
is in aqueous medium. Amino acids having a neutral/polar
side chain include asparagine, glutamine, cysteine, histidine,
serine and threonine.

This description also characterizes certain amino acids as
“small” since their side chains are not sufficiently large, even
if polar groups are lacking, to confer hydrophobicity. With the
exception of proline, “small” amino acids are those with four
carbons or less when at least one polar group is on the side
chain and three carbons or less when not. Amino acids having
a small side chain include glycine, serine, alanine and threo-
nine. The gene-encoded secondary amino acid proline is a
special case due to its known effects on the secondary con-
formation of peptide chains. The structure of proline differs
from all the other naturally-occurring amino acids in that its
side chain is bonded to the nitrogen of the a-amino group, as
well as the a-carbon. Several amino acid similarity matrices
are known in the art (see e.g., PAM120 matrix and PAM250
matrix as disclosed for example by Dayhoff et al., 1978, A
model of evolutionary change in proteins). Matrices for deter-
mining distance relationships In M. O. Dayhoff, (ed.), Atlas
of protein sequence and structure, Vol. 5, pp. 345-358,
National Biomedical Research Foundation, Washington
D.C.; and by Gonnetetal., (Science, 256: 14430-1445,1992),
however, include proline in the same group as glycine, serine,
alanine and threonine. Accordingly, for the purposes of the
present invention, proline is classified as a “small” amino
acid.

The degree of attraction or repulsion required for classifi-
cation as polar or nonpolar is arbitrary and, therefore, amino
acids specifically contemplated by the invention have been
classified as one or the other. Most amino acids not specifi-
cally named can be classified on the basis of known behav-
iour.

Amino acid residues can be further sub-classified as cyclic
or non-cyclic, and aromatic or non-aromatic, self-explana-
tory classifications with respect to the side-chain substituent
groups of the residues, and as small or large. The residue is
considered small if it contains a total of four carbon atoms or
less, inclusive of the carboxyl carbon, provided an additional
polar substituent is present; three or less if not. Small residues
are, of course, always non-aromatic. Dependent on their
structural properties, amino acid residues may fall in two or
more classes. For the naturally-occurring protein amino
acids, sub-classification according to this scheme is presented
in Table A.

TABLE A

Amino acid sub-classification

Sub-classes Amino acids

Acidic Aspartic acid, Glutamic acid

Basic Nongcyelic: Arginine, Lysine; Cyclic: Histidine

Charged Aspartic acid, Glutamic acid, Arginine,
Lysine, Histidine

Small Glycine, Serine, Alanine, Threonine, Proline

Asparagine, Histidine, Glutamine, Cysteine,
Serine, Threonine

Polar/neutral

Polar/large Asparagine, Glutamine

Hydrophobic Tyrosine, Valine, Isoleucine, Leucine,
Methionine, Phenylalanine, Tryptophan

Aromatic Tryptophan, Tyrosine, Phenylalanine

Residues that influence
chain orientation

Glycine and Proline

Conservative amino acid substitution also includes group-
ings based on side chains. For example, a group of amino
acids having aliphatic side chains is glycine, alanine, valine,
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leucine, and isoleucine; a group of amino acids having ali-
phatic-hydroxyl side chains is serine and threonine; a group
of'amino acids having amide-containing side chains is aspar-
agine and glutamine; a group of amino acids having aromatic
side chains is phenylalanine, tyrosine, and tryptophan; a
group of amino acids having basic side chains is lysine, argi-
nine, and histidine; and a group of amino acids having sul-
phur-containing side chains is cysteine and methionine. For
example, it is reasonable to expect that replacement of a
leucine with an isoleucine or valine, an aspartate with a
glutamate, a threonine with a serine, or a similar replacement
of an amino acid with a structurally related amino acid will
not have a major effect on the properties of the resulting
variant polypeptide. Whether an amino acid change results in
a functional truncated and/or variant AARS polypeptide can
readily be determined by assaying its activity, as described
herein (see, e.g., Examples 1, 2, 10, and 11). Conservative
substitutions are shown in Table B under the heading of
exemplary substitutions. Amino acid substitutions falling
within the scope of the invention, are, in general, accom-
plished by selecting substitutions that do not differ signifi-
cantly in their effect on maintaining (a) the structure of the
peptide backbone in the area of the substitution, (b) the charge
or hydrophobicity of the molecule at the target site, (c) the
bulk of the side chain, or (d) the biological function. After the
substitutions are introduced, the variants are screened for
biological activity.

TABLE B

Exemplary Amino Acid Substitution:

Original Residue  Exemplary Substitutions Preferred Substitutions

Ala Val, Leu, Ile Val
Arg Lys, Gln, Asn Lys
Asn Gln, His, Lys, Arg Gln
Asp Glu Glu
Cys Ser Ser
Gln Asn, His, Lys, Asn
Glu Asp, Lys Asp
Gly Pro Pro
His Asn, Gln, Lys, Arg Arg
Ile Leu, Val, Met, Ala, Phe, Norleu Leu
Leu Norleu, Ile, Val, Met, Ala, Phe Ile

Lys Arg, Gln, Asn Arg
Met Leu, Ile, Phe Leu
Phe Leu, Val, Ile, Ala Leu
Pro Gly Gly
Ser Thr Thr
Thr Ser Ser
Trp Tyr Tyr
Tyr Trp, Phe, Thr, Ser Phe
Val Ile, Leu, Met, Phe, Ala, Norleu Leu

Alternatively, similar amino acids for making conservative
substitutions can be grouped into three categories based on
the identity of the side chains. The first group includes
glutamic acid, aspartic acid, arginine, lysine, histidine, which
all have charged side chains; the second group includes gly-
cine, serine, threonine, cysteine, tyrosine, glutamine, aspar-
agine; and the third group includes leucine, isoleucine, valine,
alanine, proline, phenylalanine, tryptophan, methionine, as
described in Zubay, G., Biochemistry, third edition, Wm. C.
Brown Publishers (1993).

Thus, a predicted non-essential amino acid residue in a
truncated and/or variant AARS polypeptide is typically
replaced with another amino acid residue from the same side
chain family. Alternatively, mutations can be introduced ran-
domly along all or part of an AARS coding sequence, such as
by saturation mutagenesis, and the resultant mutants can be
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screened for an activity of the parent polypeptide to identify
mutants which retain that activity. Following mutagenesis of
the coding sequences, the encoded peptide can be expressed
recombinantly and the activity of the peptide can be deter-
mined. A “non-essential” amino acid residue is a residue that
can be altered from the reference sequence of an embodiment
polypeptide without abolishing or substantially altering one
or more of its activities. Suitably, the alteration does not
substantially abolish one of these activities, for example, the
activity is at least 20%, 40%, 60%, 70% or 80% 100%, 500%,
1000% or more of a reference AARS polypeptide. An “essen-
tial” amino acid residue is a residue that, when altered from
the reference AARS polypeptide, results in abolition of an
activity of the parent molecule such that less than 20% of'the
reference activity is present. For example, such essential
amino acid residues include those that are conserved in AARS
polypeptides across different species, including those
sequences that are conserved in the active binding site(s) or
motif(s) of AARS polypeptides from various sources.

Accordingly, the present invention also contemplates vari-
ants of the naturally-occurring AARS polypeptide sequences
or their biologically-active fragments, wherein the variants
are distinguished from the naturally-occurring sequence by
the addition, deletion, or substitution of one or more amino
acid residues. In general, variants will display at least about
30, 40, 50, 55, 60, 65,70,75, 80, 85, 90, 91,92, 93, 94, 95, 96,
97, 98, 99% similarity or sequence identity to a reference
AARS polypeptide sequence, for example, as set forth in SEQ
IDNOS: 1, 2,3,6,8, 10, 12, 14, 16, 25, 28, 30, 32-108, and
109-115. Moreover, sequences differing from the native or
parent sequences by the addition, deletion, or substitution of
1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17, 18, 19, 20,
30, 40, 50, 60, 70, 80,90, 100, 110, 120, 130, 140, 150 or more
amino acids but which retain the properties of a parent or
reference AARS polypeptide sequence are contemplated. In
certain embodiments, the C-terminal or N-terminal region of
any AARS polypeptide, including the AARS polypeptides of
SEQIDNOS: 1,2,3,6,8, 10, 12, 14, 16, 25, 28, 30, 32-108,
or 109-115, may be truncated by about 1,2,3,4,5,6,7,8, 9,
10, 15,20, 25,30,35, 40, 45, 50, 60, 70, 80, 90, 100, 110, 120,
130, 140, 150, 160, 170, 180, 190, 200, 250, 300, 350, 400,
450, 500, 550, 600, 650, or 700 or more amino acids, or by
about 10-50, 20-50, 50-100, 100-150, 150-200, 200-250,
250-300, 300-350, 350-400, 400-450, 450-500, 500-550,
550-600, 600-650, 650-700 or more amino acids, including
all integers and ranges in between (e.g., 101, 102, 103, 104,
105), so long as the truncated AARS polypeptide is capable of
modulating an inflammatory response, either in vivo, in vitro,
or ex vivo (e.g., reducing migration of immune cells such as
granulocytes, including neutrophils and eosinophils).

In some embodiments, variant polypeptides differ from a
reference AARS sequence by at least one but by less than 50,
40, 30, 20, 15, 10, 8, 6, 5, 4, 3 or 2 amino acid residue(s). In
other embodiments, variant polypeptides differ from the cor-
responding sequences of SEQIDNOS: 1,2,3,6,8,10,12, 14,
16, 25, 28,30,32-108, or 109-115 by at least 1% but less than
20%, 15%, 10% or 5% of the residues. (If this comparison
requires alignment, the sequences should be aligned for maxi-
mum similarity. “Looped” out sequences from deletions or
insertions, or mismatches, are considered differences.) The
differences are, suitably, differences or changes at a non-
essential residue or a conservative substitution.

In certain embodiments, a variant polypeptide includes an
amino acid sequence having at least about 50%, 55%, 60%,
65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%
95%, 96%, 97%, 98% or more sequence identity or similarity
to a corresponding sequence of an AARS polypeptide as, for
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example, set forth in SEQ IDNOS: 1,2,3,6,8,10,12, 14, 16,
25, 28,30, 32-108, or 109-115 and has the ability to reduce
pulmonary inflammation in a subject, such as by reducing the
migration or recruitment of neutrophils or eosinophils to the
lung.

Calculations of sequence similarity or sequence identity
between sequences (the terms are used interchangeably
herein) are performed as follows. To determine the percent
identity of two amino acid sequences, or of two nucleic acid
sequences, the sequences are aligned for optimal comparison
purposes (e.g., gaps can be introduced in one or both of a first
and a second amino acid or nucleic acid sequence for optimal
alignment and non-homologous sequences can be disre-
garded for comparison purposes). In certain embodiments,
the length of a reference sequence aligned for comparison
purposes is at least 30%, preferably at least 40%, more pref-
erably at least 50%, 60%, and even more preferably at least
70%, 80%, 90%, 100% of the length of the reference
sequence. The amino acid residues or nucleotides at corre-
sponding amino acid positions or nucleotide positions are
then compared. When a position in the first sequence is occu-
pied by the same amino acid residue or nucleotide as the
corresponding position in the second sequence, then the mol-
ecules are identical at that position.

The percent identity between the two sequences is a func-
tion of the number of identical positions shared by the
sequences, taking into account the number of gaps, and the
length of each gap, which need to be introduced for optimal
alignment of the two sequences.

The comparison of sequences and determination of percent
identity between two sequences can be accomplished using a
mathematical algorithm. In a preferred embodiment, the per-
cent identity between two amino acid sequences is deter-
mined using the Needleman and Wunsch, (1970, J. Mol. Biol.
48: 444-453) algorithm which has been incorporated into the
GAP program in the GCG software package (available at
http://www.gcg.com), using either a Blossum 62 matrix or a
PAM250 matrix, and a gap weight of 16, 14, 12, 10, 8, 6, or 4
and a length weight of 1, 2, 3, 4, 5, or 6. In yet another
preferred embodiment, the percent identity between two
nucleotide sequences is determined using the GAP program
in the GCG software package (available at http://www.gcg-
.com), using a NWSgapdna.CMP matrix and a gap weight of
40, 50, 60, 70, or 80 and a length weight of 1, 2,3, 4, 5, or 6.
A particularly preferred set of parameters (and the one that
should be used unless otherwise specified) are a Blossum 62
scoring matrix with a gap penalty of 12, a gap extend penalty
of 4, and a frameshift gap penalty of 5.

The percent identity between two amino acid or nucleotide
sequences can be determined using the algorithm of E. Mey-
ers and W. Miller (1989, Cabios, 4: 11-17) which has been
incorporated into the ALIGN program (version 2.0), using a
PAM120 weight residue table, a gap length penalty of 12 and
a gap penalty of 4.

The nucleic acid and protein sequences described herein
can be used as a “query sequence” to perform a search against
public databases to, for example, identify other family mem-
bers or related sequences. Such searches can be performed
using the NBLAST and XBLAST programs (version 2.0) of
Altschul, et al., (1990, J. Mol. Biol, 215: 403-10). BLAST
nucleotide searches can be performed with the NBLAST
program, score=100, wordlength=12 to obtain nucleotide
sequences homologous to nucleic acid molecules of the
invention. BLAST protein searches can be performed with
the XBLAST program, score=50, wordlength=3 to obtain
amino acid sequences homologous to protein molecules of
the invention. To obtain gapped alignments for comparison
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purposes, Gapped BLAST can be utilized as described in
Altschul et al., (1997, Nucleic Acids Res, 25: 3389-3402).
When utilizing BLAST and Gapped BLAST programs, the
default parameters ofthe respective programs (e.g., XBLAST
and NBLAST) can be used.

Variants of an AARS polypeptide can be identified by
screening combinatorial libraries of mutants of an AARS
polypeptide. Libraries or fragments e.g., N terminal, C termi-
nal, or internal fragments, of AARS protein coding sequence
can be used to generate a variegated population of fragments
for screening and subsequent selection of variants of an
AARS polypeptide.

Methods for screening gene products of combinatorial
libraries made by point mutation or truncation, and for
screening cDNA libraries for gene products having a selected
property are known in the art. Such methods are adaptable for
rapid screening of the gene libraries generated by combina-
torial mutagenesis of AARS polypeptides.

Also included are proteolytic fragments of AARS polypep-
tides. In certain illustrative embodiments, proteolytic frag-
ments of AARS polypeptides may be produced using a vari-
ety of proteolytic enzymes or proteolytic chemical agents,
according to techniques known and available in the art. Pro-
teolytic fragments can be produced in vitro, such as by incu-
bating AARS polypeptides with one or more proteases (as
described herein and known in the art) under controlled con-
ditions and isolating and characterizing the fragments pro-
duced therefrom. Proteolytic fragments can also be produced
in vivo, or endogenously, such as by recombinantly express-
ing the AARS polypeptides in a selected cell (e.g., bacterial
cell, eukaryotic cell), and isolating and characterizing the
endogenous fragments produced therefrom (see, e.g.,
Example 10).

Proteases are usually classified according to three major
criteria: (i) the reaction catalysed, (ii) the chemical nature of
the catalytic site, and (iii) the evolutionary relationship, as
revealed by the structure. General examples of proteases or
proteinases, as classified by mechanism of catalysis, include
aspartic proteases, serine proteases, cysteine proteases, and
metalloproteases.

Most aspartic proteases belong to the pepsin family. This
family includes digestive enzymes, such as pepsin and chy-
mosin, as well as lysosomal cathepsins D and processing
enzymes such as renin, and certain fungal proteases (e.g.,
penicillopepsin, rhizopuspepsin, endothiapepsin). A second
family of aspartic proteases includes viral proteinases such as
the protease from the AIDS virus (HIV), also called retropep-
sin.

Serine proteases include two distinct families. First, the
chymotrypsin family, which includes the mammalian
enzymes such as chymotrypsin, trypsin, elastase, and kal-
likrein, and second, the substilisin family, which includes the
bacterial enzymes such as subtilisin. The general 3D structure
between these two families is different, but they have the
same active site geometry, and catalysis proceeds via the
same mechanism. The serine proteases exhibit different sub-
strate specificities, differences which relate mainly to amino
acid substitutions in the various enzyme subsites (substrate
residue interacting sites). Some serine proteases have an
extended interaction site with the substrate whereas others
have a specificity that is restricted to the P1 substrate residue.

The cysteine protease family includes the plant proteases
such as papain, actinidin, and bromelain, several mammalian
lysosomal cathepsins, the cytosolic calpains (calcium-acti-
vated), as well as several parasitic proteases (e.g., Trypano-
soma, Schistosoma). Papain is the archetype and the best
studied member of the family. Recent elucidation of the X-ray
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structure of the Interleukin-1-beta Converting Enzyme has
revealed a novel type of fold for cysteine proteinases.

The metalloproteases are one of the older classes of pro-
teases, found in bacteria, fungi, and higher organisms. They
differ widely in their sequences and their 3D structures, but
the great majority of enzymes contain a zinc atom that is
catalytically active. In some cases, zinc may be replaced by
another metal such as cobalt or nickel without loss of pro-
teolytic activity. Bacterial thermolysin has been well charac-
terized and its crystallographic structure indicates that zinc is
bound by two histidines and one glutamic acid. Many metal-
loproteases contain the sequence motit HEXXH, which pro-
vides two histidine ligands for the zinc. The third ligand is
either a glutamic acid (thermolysin, neprilysin, alanyl ami-
nopeptidase) or a histidine (astacin, serralysin).

Tlustrative proteases include, for example, achromopepti-
dase, aminopeptidase, ancrod, angiotensin converting
enzyme, bromelain, calpain, calpain I, calpain II, carbox-
ypeptidase A, carboxypeptidase B, carboxypeptidase G, car-
boxypeptidase P, carboxypeptidase W, carboxypeptidase Y,
caspase 1, caspase 2, caspase 3, caspase 4, caspase 5, caspase
6, caspase 7, caspase 8, caspase 9, caspase 10, caspase 11,
caspase 12, caspase 13, cathepsin B, cathepsin C, cathepsin
D, cathepsin E, cathepsin G, cathepsin H, cathepsin L, chy-
mopapain, chymase, chymotrypsin, clostripain, collagenase,
complement Clr, complement Cls, complement Factor D,
complement factor I, cucumisin, dipeptidyl peptidase 1V,
elastase (leukocyte), elastase (pancreatic), endoproteinase
Arg-C, endoproteinase Asp-N, endoproteinase Glu-C,
endoproteinase Lys-C, enterokinase, factor Xa, ficin, furin,
granzyme A, granzyme B, HIV Protease, 1Gase, kallikrein
tissue, leucine aminopeptidase (general), leucine aminopep-
tidase (cytosol), leucine aminopeptidase (microsomal),
matrix metalloprotease, methionine aminopeptidase, neu-
trase, papain, pepsin, plasmin, prolidase, pronase E, prostate
specific antigen, protease alkalophilic from Strepromyces gri-
seus, protease from Aspergillus, protease from Aspergillus
saitoi, protease from Aspergillus sojae, protease (B. licheni-
formis) (alkaline or alcalase), protease from Bacillus poly-
myxa, protease from Bacillus sp, protease from Rhizopus sp.,
protease S, proteasomes, proteinase from Aspergillus oryzae,
proteinase 3, proteinase A, proteinase K, protein C, pyro-
glutamate aminopeptidase, rennin, rennin, streptokinase,
subtilisin, thermolysin, thrombin, tissue plasminogen activa-
tor, trypsin, tryptase and urokinase.

Tables C-G illustrate the type of proteolytic fragments that
can be produced in vitro by incubating AARS polypeptides
with various proteases. In certain embodiments, the incuba-
tion conditions can be controlled so that only certain cleavage
sites are cleaved by the indicated protease, to achieve only
partial cleavage, followed by isolation of the desired pro-
teolytic fragment according to techniques known in the art
(e.g., chromatography). Once a desired fragment has been
isolated and characterized (e.g., sequenced) according to rou-
tine techniques in the art, it can be cloned and produced
recombinantly, or produced synthetically, as desired.

Hence, included within the AARS polypeptides of the
invention are any proteolytic fragments that can be produced
by the exemplary proteases in Tables C-G, in addition to the
proteases listed elsewhere herein, including any combination
of proteases (e.g., Caspase 1 and hydroxylamine), or any
combination of individual cleavage sites. Also, the residue
position of cleavage sites may be approximate. Merely by
way of illustration, an AARS proteolytic fragment may
include about residues 1-165, about residues 166-445, about
residues 166-455, about residues 166-716, about residues
445-716, or about residues 455-716 of GlyRS that has been
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cleaved or partially cleaved by incubation with iodosoben-
zoic acid (see Table C). As an additional illustration, an
AARS proteolytic fragment may include about residues 1-98,
about residues 1-135, about residues 98-135, about residues
1-234, about residues 98-234, about residues 1-379, about
residues 234-674, or about residues 135-737 of QRS that has
been cleaved or partially cleaved by proline-endopeptidase
(see Table D). As a further illustrative example, an AARS
polypeptide may include about residues 1-210, about resi-
dues 1-273, about residues 1-295, about residues 210-273,
about residues 210-295, about residues 273-295 of QRS that
has been cleaved or partially cleaved by hydroxylamine.
Similar patterns can be applied to any of the AARS polypep-
tides and any of the proteases in Tables C-G, or to the other
proteases listed herein or known in the art.

TABLE C

Glycyl-tRNA synthetase (EC 6.1.1.14) (Glycine-tRNA ligase) (GIyRS)

Protease Position of cleavage sites (Residue No.)

510132327333452687279101103121
130 131 166 213 297 310 331 337 342 344 388
391 412 428 430 464 474 560 583 596 602 640
656 657 660 687 689 693 696 722
5575838991 115116119 125134148178
195 199 204 214 227 246 255 270 355 360
369 393 424 442 445 462 467 510 522 553

598 647 648 661 672 674 687 689 707 717
5560 61 7582838991 96105108 115116
119124 125 134 148 171 172176 178 185

195 199 204 209 214 227 233 237 239 246
252255270 298 312 332 344 349 351 355

358 360 369 393 396 424 433 435 442 445

447 456 462 467 482 487 497 510 516 522

523 528 530 535 538 542 544 553 567 568

575 589 596 598 599 625 632 635 647 648

661 662 672 674 687 689 697 700 707 717
719 726 729 734 737 738

165 445 455 716

Arg-C proteinase

Asp-N endopeptidase

Asp-N endopeptidase +
N-terminal Glu

BNPS- Skatole

CNBr 155124182202 226 239 281 292 348 390
433 437 516 530 532 555 585 628 692

Caspase 1 215

Chymotrypsin high 132133 134 138 141 148 150 165 169 198

201 212 249 258 261 278 282 285 295 305
308 314 321 330 346 354 365 374 376 408
409 414 416 429 440 445 453 455 467 497
508 518 526 540 549 561 566 579 586 589
593 604 605 614 627 630 658 668 674716
726

51013 2327333452687279101103
121 130 131 166 213 297 310 331 337 342
344 388 391 412 428 430 464 474 560 583
596 602 640 656 657 660 687 689 693 696
722

5676849092116 117 120 126 135 149
179 196 200 205 215 228 247 256 271 356
361 370 394 425 443 446 463 468 511 523
554 599 648 649 662 673 675 688 690 708
718

specificity (C-term to
[FYW], not before P)

Clostripain

Formic acid

Glutamyl 61 628397106109 125172173 177 186 210

endopeptidase 234 238 240 253 299 313 333 345 350 352 359
397 434 436 448 457 483 488 498 517 524 529
531 536 539 543 545 568 569 576 590 597 600
626 633 636 663 698 701 720 727 730 735 738
739

Hydroxylamine 208 711

Todosobenzoic acid 165 445 455 716

LysC 80 82 859399 102 108 115 123 129 158 190 197

204 207 219 224 229 230 235 236 264 283 309
318 360 364 379 389 419 426 450 477 484 487
490 501 506 509 510 513 537 547 553 559 563
615 632 646 679 733 734
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TABLE C-continued
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TABLE D-continued

Glyeyl-tRNA synthetase (EC 6.1.1.14) (Glycine-tRNA ligase) (GIyRS)

Protease

Position of cleavage sites (Residue No.)

LysN

NTCB (2-nitro-5-
thiocyanobenzoic acid)
Proline-endopeptidase
Staphylococcal
peptidase I

Trypsin

7981849298101 107 114 122 128 157 189 196
203 206 218 223 228 229 234 235 263 282 308
317 359 363 378 388 418 425 449 476 483 486
489 500 505 508 509 512 536 546 552558 562
614 631 645 678 732 733

40 154 179 210 230 441 443 460 465 470 521 524
615

628 298 363 485

618397 106 109 125 172 177 186 210 234 238
240 253 299 313 333 345 350 352 359397434
436 448 457 483 488 498 517 524 529 531 536
539 543 545 568 576 590 597 600 626 633 636
663 698 701 720 727 730 735 738

10132333 345268727980 82859399101 102
103 108 115121 123129130131 158 166 190 197
204 207 213 219 224 229 230 235 236 264 283 309
310 318 331 337 342 344 360 364 379 388 389 391
412 419 426 428 430 450 464 474 477 487 490 501
506 509 510 513 537 547 553 559 560 563 583
596 602 615 632 640 646 656 657 660

679 687 689 693 696 722 733 734

TABLE D

Glutaminyl-tRNA synthetase (EC 6.1.1.18)
(Glutamine-tRNA ligase) (QRS)

Protease

Positions of cleavage sites (Residue No.)

Arg-C proteinase

Asp-N endopeptidase

Asp-N endopeptidase +
N-terminal Glu

BNPS- Skatole
CNBr

Caspasel
Chymotrypsin-high

specificity (C-term to
[FYW], not before P)

Clostripain

Formic acid

Glutamyl
endopeptidase

213462 64 67 6895109 132 134 141 154195
201 202 225 265 267 301 351 352 361 376 378
391 403 419 427 463 464 486 497 509 515 523
524 525 538 558 567 576 616 629 639 666 667
690 694 745 764

448 64 99 102 105 160 169 183 199 205 214 302
303 319 336 339 376 409 413 429 438 445 474
509 511 512 558 562 588 597 617 668 702 713
723 728 738 751 753 770

41621344864 839199102 105 107 109 119
122123 126 139 151 160 167 169 181 183 185
196 197 199 205 208 211 214 221 226 235 257
270 302 303 307 309 310 319 336 339 347 362
363 376 380 381 387 396 398 408 409 413 429
438 445 448 458 474 482 509 511 512 529 548
553 558 562 572 588 597 598 614 617 620 621
623 645 658 661 668 671 687 692 701 702 705
713 723 728 738 743 751 753 769 770

159 324 345 375 432 469 482 511 632 680
1146 150 164 171 221 250 321 380 390 404 408
413 548 569 686

184

1057 71 7593 107 142 144 159 189 231 238
243 286 288 290 299 302 314 315 324 327
330 334 338 339 343 345 356 375 387 395
418 422 432 438 440 460 467 468 469 477
482 484 491 511 517 535 603 608 613 619
627 632 643 677 680 692 696 711 738 741

743 748 749 762

213462 64 67 6895109 132 134 141 154

195 201 202 225 265 267 301 351 352 361

376 378 391 403 419 427 463 464 486 497
509 515 523 524 525 538 558 567 576 616

629 639 666 667 690 694 745 764

549 65100 103 106 161 170 184 200 206
215303 304 320 337 340 377 410

414 430 439 446 475 510 512 513 559 563

589 598 618 669 703 714 724 729
739752754771

1722358492 108 110 120 123 124127

140 152 168 182 186 197 198 209
212222227 236 258 271 308 310 311

348 363 364 381 382 388 397 399 409

449 459 483 530 549 554 573 599 615
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Glutaminyl-tRNA synthetase (EC 6.1.1.18)
(Glutamine-tRNA ligase) (QRS)

Protease Positions of cleavage sites (Residue No.)
621 622 624 646 659 662 672 688 693
702 706 744 770

Hydroxylamine 210273 295

Todosobenzoic acid
LysC

LysN

NTCB (2-nitro-5-
thiocyanobenzoic acid)
Proline-endopeptidase
Staphylococcal
peptidase I

Thrombin
Trypsin

159 324 345 375 432 469 482 511 632 680
1925507980 158 163 166 180 187 188

190 193 205 230 233 239 254 282

292 309 313 331 366 392 394405 412421

431 458 496 498 586 601 620 628

652 673 675 699 736 740 759 769 774
182449 78 79 157 162 165 179 186 187

189 192 204 229 232 238 253 281

291 308 312 330 365 391 393 404 411 420 430
457 495 497 585 600 619 627

651 672 674 698 735 739 758 768 773

110 297 318 357 432 442 444 455 470 477 535
555 656 664 686 729

98 135234 379 674 737

1722358492108 110 120 123 127 140 152
168 182 186 197 209 212 222

227236 258 271 308 310 348 363 381 388 397
399 409 449 459 483 530 549

554 573 599 615 621 624 646 659 662 672 688
693 702 706 744 770

567

1921253450 62 64 67 68 79 80 95 109 132 141
154 158 163 166 180 187

188 190 193 195 201 202 205 225 230 239 254
265 267 282 292 301 309 313

331351352361 366 376 391 392 394 403 405
412 419421 427 431 458 463

464 486 496 497 498 509 515 523 525 538 558
567 576 586 601 616 620 628

629 639 652 666 667 675 690 694 699 740 745
759764769 774

TABLE E

Tryptophanyl-tRNA synthetase, cytoplasmic (EC 6.1.1.2) (Tryptophan-
tRNA ligase) (WRS) (Interferon-induced protein 53) (IFP53) (hWWRS)

Protease

Positions of cleavage sites (Residue No.)

Arg-C proteinase

Asp-N endopeptidase

Asp-N
endopeptidase + N-
terminal Glu

BNPS-Skatole
CNBr

Caspasel
Chymotrypsin-high
specificity (C-term

to [FYW], not before P)

Clostripain

24106119122 127 133 134 141 162 298 300
318 321 326 381 388 417

448 449 464

333656 6075828598100 112141 147 184
196 197 204 208 220 227

236238 270 272 298 301 311 313 321 353
362 381 394 396 408 409 410

418 453 468

4102033 3436555660 757880818285
98100112114 120 141 147

150 166 184 196 197 198 204 208 216 220
227 236 238 270 272 298 301

311313 321 353 362 381 384 385 394 396
407 408 409 410 413 418 428

435 443 450 453 454 458 468

88182203

14248 143 169 195 241 243 319 350 401
425 461

61363

1350 58 84 88 100 107 131 137 138 150
156 157 159 177 179 182 187

201 203 212 214 227 233 235 240 247 248
260 267 269 289 297 316 317

339 360 377 390 400 402 405 406 420 460
468 470

24106119122 127 133 134 141 162 298
300 318 321 326 381 388 417

448 449 464
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TABLE E-continued
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TABLE F-continued

Tryptophanyl-tRNA synthetase, cytoplasmic (EC 6.1.1.2) (Tryptophan-
tRNA ligase) (WRS) (Interferon-induced protein 53) (IFP53) (hWRS)

Tyrosyl-tRNA synthetase (EC 6.1.1.1)

(Tyrosyl-tRNA ligase) (YRS)

Protease Positions of cleavage sites (Residue No.) Protease Positions of cleavage sites (Residue No.)
Enterokinase 200412 Todosobenzoic acid 40 87 283 505
Formic acid 34375761 76838699101 113 142 148 LysC 102628 32374758 6484102114116119
185 197 198 205 209 221 228 127 146 147 154 178 190 197
237239271 273 299 302 312 314 322 206 222 231 238 242 243 244 246 247 265 272
354 363 382 395 397 409 410 411 10 282 287 297 310 319 327
. 419 454 469 334 335 346 348 352 356 374 380 391 412 427
Glutamyl endopeptldase 5112135567981 82115121 151167 430 470 474 482 484 485
199 217 385 386 408 414 429 486 490 496 506 513 520 523
Iodosoberpoie acid 3361;“2‘42331 455459 LysN 9252731364657 63 83 101 113 115 118 126
145 146 153 177 189 196
LysC 2733414751 5996 102 111 114133 15 205 221 230 237 241 242 243 245 246 264 271
154 181 200 204 220 231 249 253
256 264 277 331 349 366 369 371 374 281 286 296 309 318 326
412 418 431 432 450 458 465 333 334 345 347 351 355 373379390411 426
LysN 2632 4046 50 5895 101 110 113 152 429 460 473 481 483 484
153 180 199 203 219 230 248 252 485 489 495 505 512 519 522
255 263 276 330 348 365 368 370 373 NTCB (2-nitro-5- 66 249 423 441 500 518
411 417 430 431 449 457 464 20 thiocyanobenzoic acid)
NTCB (2-nitro-3- 61 224 273 304 308 393 Proline-endopeptidase 48 159 306 349 382 428 483
thiocyanobenzoic acid) Staphylococcal peptidase I 8 20 24 29 33 35 68 883 91 98 106 113 128 151
Proline-endopeptidase 128 155332 157174 196 227 239 251
Staphylococcal 5112135567981 115121 151 167 256 274 281 296 302 314 326 359 361 379 390
peptidase I 199 217 385 408 414 429 436 444 396 398 413 435 446 453
451 455 459 25 465 473 479 489 499
Thrombin 162 326 Trypsin 10162628 32343758 648493102114116
Trypsin 2427 334147515996102106111 119 127 135 146 147 154
114 119 122 133 134 141 153 162 326 178 189 190 197 206 207 222 231 237 238 242
181 200 204 220 231 249 253 256 264 243 244 246 247 265 272
277 298 300 318 321 326 349 366 30 279 282 287 297 310 319 325 327 334 335 346
369 371 374 381 388412 417 418 431 352356367 371 374 380
432 448 449 450 458 464 465 391 400 412 418 430 432 450 470 474 484 485
486 490 496 506 513 520
523
TABLE F 35
Tyrosyl-tRNA synthetase (EC 6.1.1.1) TABLE G
(Tyrosyl-tRNA ligase) (YRS)
Histidyl-tRNA synthetase (EC 6.1.1.21)
Protease Positions of cleavage sites (Residue No.) (Histidine-tRNA ligase) (HisRS)
Arg-C proteinase 163493 135 189 207 237 279 325 367 371 400 *° protease Positions of cleavage sites (Residue No.)
418 432 450
Asp-N endopeptidase 2607480121 131143 172 179 186 232 235 Arg-C proteinase 4171963 6873 8286128 137149157 158
239279 293 297 307 321 342 165 167 169 214 215 232 266
368 382 384 392 416 455 477 493 326 362 375 388 396 405 424 479 484 490 491
Asp-N endopeptidase + N- 2 7 8 19 23 24 28 32 34 60 67 74 80 87 90 97 500 501
terminal Glu 105112121 127 131 143 150 45 Asp-N endopeptidase 47637792109 115118129158 174176 182
156 172 173 174 179 186 195 226 227 228 187 205 212 217 227 238 241
232 235238 239 250 255 273 264 268 285 300 314 315 320 328 363 370432
279 280 293 295 297 301 307 313 321 325 472 487 492
342 358 360 361 368 378 382 Asp-N 2781528313233474863 7377899297
384 389 392 395 397 412 413 416 434 445 endopeptidase + N- 100 108 109 115118 122 129
452 455 464 472 477 478 479 50 terminal Glu 158 169 174 176 182 187 189 196 205 212 217
488 493 498 499 227 238 241 246 247 251
BNPS- Skatole 40 87 283 505 255261 264 268 280 285 296 300 306 314 315
CNBr 15683104 211214223 350431439511 320 328 336 348 349 363
Caspasel 75 494 370 386 393 397 400 401 407 421 422 429 432
Chymotrypsin-high 39405253627379879697 117123129 438 455 456 467 469 472
specificity (C-term to 134176 183 192 194 198 204 55 484 485 487 491 492 495 496
[FYW], not before P) 249 263 275 283 289 292 299 328 388 409 BNPS-Skatole 246 432
468 472 488 495 505 510 CNBr 170 104 141 163 185 195 220 253 369
Clostripain 16 34 93 135 189 207 237 279 325 367 371 400 Chymotrypsin-high 546577 8497 107 115 129 135 138 150 156
418 432 450 specificity (C-term to 168 171 172 176 182 207 221
Formic acid 3617581122132 144 173 180 187 233 236 [FYW], not before P) 231246 270 306 308 312 320 330 331 336363
240 280 294 298 308 322 343 60 370 390 432 442 454
369 383 385 393 417 456 478 494 Clostripain 4171963 6873 8286128137149 157 158165
Glutamyl endopeptidase 8 9 20 24 252933 35 68 8891 98 106 113 128 167 169 214 215 232 266
151 157 174 175 196 227 326 362 375 388 396 405 424 479 484 490 491
228 229 239 251 256 274 281 296 302 314 326 500 501
359361 362 379 390 396 Formic acid 48 6478 93 110116 119130 159 175 177 183
398 413 414 435 446 453 465 473 479 480 489 188 206 213 218 228 239 242
499 500 65 265 269 286 301 315 316 321 329 364 371 433
Hydroxylamine 258 473 488 493



US 9,127,268 B2

39
TABLE G-continued

Histidyl-tRNA synthetase (EC 6.1.1.21)
(Histidine-tRNA ligase) (HisRS)

Protease Positions of cleavage sites (Residue No.)

389162932333449749098 101 109 123
170 190 197 247 248 252 256

262 281 297 307 337 349 350 387 394 398 401
402 408 422 423 430 439

456 457 468 470 485 486 492 496 497

246 432

122225374042 5153 57 60 7585 100 106
112118 143 148 154 193 210

230 240 243 250 257 288 293 303 317 373 376
403 418 419 426 437 443

444 447 472 477 499

11212436 394150525659 748499 105
111 117 142 147 153 192 209

229 239 242 249 256 287 292 302 316 372 375
402 417 418 425 436 442

443 446 471 476 498

82173 190 195 223 234 378 454 506 508

Glutamy! endopeptidase

Todosobenzoic acid
LysC

LysN

NTCB (2-nitro-5-
thiocyanobenzoic acid)

Staphylococcal 3816293249749098 101109123 170
peptidase I 190 197 247 252 256 262 281 297
307 337 349 387 394 398 401 408 422 430
439 456 468 470 485 492 496
Trypsin 412171922 25374042 515357606368

7375 828586100106 112

118 128 137 143 148 149 154 157 158 165
167 169 193 210 214 215 230

232 240 243 250 257 266 288 293 303 317
326362 373 375 376 388 396

403 405 418 419 424 426 437 443 444 447
472 477 479 484 490 491 499

500 501

Certain embodiments relate to isolated AARS polypep-
tides, comprising, consisting essentially of, or consisting of
amino acid sequences that have been derived from endog-
enous, naturally-occurring AARS polypeptide fragments,
and pharmaceutical compositions comprising said fragments,
and methods of'use thereof. In certain embodiments, as noted
above, the sequences of naturally-occurring endogenous pro-
teolytic fragments can be generated or identified, for instance,
from various cellular fractions (e.g., cytosolic, membrane,
nuclear) and/or conditioned medium from various cell-types,
including primary cells and cell lines. Examples of such cell
types include, without limitation, immune cells such as
monocytes, dendritic cells, macrophages (e.g., RAW 264.7
macrophages; see Example 5), neutrophils, eosinophils,
basophils, and lymphocytes, such as B-cells and T-cells (e.g.,
CD4+ helper and CDS8+ killer cells), including primary
T-cells and T-cell lines such as Jurkat T-cells, as well as
natural killer (NK) cells.

In certain embodiments, endogenous proteolytic frag-
ments can be identified by techniques such as mass-spectrom-
etry, or equivalent techniques. Merely by way of illustration
and not limitation, in certain embodiments the proteomes
from various cell types or fractions thereof may be separated
by 1D SDS-PAGE and the gel lanes cut into bands at fixed
intervals; after which the bands may be optionally digested
with an appropriate protease, such as trypsin, to release the
peptides, which may then be analyzed by 1D reverse phase
LC-MS/MS. The resulting proteomic data may be integrated
into so-called peptographs, which plot, in the left panel,
sequence coverage for a given protein in the horizontal
dimension (N to C terminus, left to right) versus SDS-PAGE
migration in the vertical dimension (high to low molecular
weight, top to bottom). The specific peptide fragments can
then be sequenced or mapped. Table H provides a set of
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illustrative mouse QRS polypeptide fragments that were
identified from RAW macrophages according to these exem-
plary techniques. Table I provides the corresponding set of
human QRS polypeptide fragments. Table J provides a set of
illustrative human QRS polypeptide fragments that were
identified from human Jurkat T-cells.

TABLE H

Mouse QRS Polypeptide Fragments

SEQ
D
PEPTIDE SEQUENCE NO:
ETLKNEALSTOLR 36
EAATQAHQILGSTIDKATGVLLYDLVSR 37
ETLKNEALSTQLREAATQAHQILGSTIDKATGVLLYDLVSR 38
DFEQECGVGVVVTPEQIEEAVESTINK 39
FNMGLLMGEAR* 40
MIKNEVDMQVLHLLGPK* 41
NEVDMOVLHLLGPK* 42
TPGYVITPYTMDLLK 43
FDDTNPEKEEAK* 44
VEELKGHNPLPSPWR 45
DRPKEESLLLFEAMR 46
VEELKGHNPLPSPWRDRPKEESLLLFEAMR 47
LVMEDGKMDPVAYR* 48
VYCPVOWEYGR* 49
ILOLVAAGAVR 50
DVLNDAAPRAMAVLEPLQVVITNFPAPK 51
GFHQVPFASTVFIERSDFKEESEPGYKRLASGQPVGLR 52
AFIHWVSQPLVCEIR 53
LGYFSVDPDSHQGQIVENR 54
TPGYVITPYTMDLLK 55
AINFNFGYAK* 56
FDDTNPEKEEAK* 57
FFTAIYDMVTWLGYTPYK 58
FDDTNPEKEEAKFFTAIYDMVTWLGYTPYK 59
DRPKEESLLLFEAMR 60
VYCPVOWEYGR* 61
LNLHYAVVSK* 62
VYCPVOWEYGRLNLHYAVVSK* 63
ILOLVAAGAVR 64
AMAVLEPLQVVITNFPAPK 65
PLDIRVPNFPADETK 66
AMAVLEPLQVVITNFPAPKPLDIRVPNFPADETK 67
SDFKEESEPGYKRLASGOPVGLRHTGYVIELONIVR 68
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TABLE H-continued
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TABLE I-continued

Mouge QRS Polvypeptide Fragments

Human QRS Polypeptide Fragments

SEQ SEQ
D 5 D
PEPTIDE SEQUENCE NO: PEPTIDE SEQUENCE NO:
AFTHWVSQPLVCEIR 69 KATGILLYGLASR 100
LGYFSVDPDSHQGQIVEFNR 70 10 SFLVSYIASK 101
KATGVLLYDLVSR 71 DFERECGVGVIVTPEQI EEAVEAAINR 102
SPLVSYIANK 72 EAATQAQQTLGSTIDKATGILLYGLASR 103
DFEQECGVGVVVTPEQI EEAVESTINK 73 15
MIKNEVDMOVLHLLGPK* 74 TABLE J
EAATQAHQILGS TIDKATGVLLYDLVSR 75 Human QRS Polypeptide Fragments
from Jurkat T-cells
*The mouse and human sequences are identical. 20 SEQ
D
PEPTIDE SEQUENCE NO:
TABLE T
NSALSAQLREAATQAQOTLGSTIDK 109
Human QRS Polypeptide Fragments
23 SHPLDPIDTVDFERECGVGVIVTPEQIEEAVEAAINR 110
SEQ
D LSFLVSYIASK 111
PEPTIDE SEQUENCE NO:
ECGVGVIVTPEQIEEAVEAAINR 112
ETLKNSALSAQLR 76
30 EAATQAQQTLGSTIDKATGILLYGLASR 113
EAATQAQQTLGSTIDKATGILLYGLASR 77
IHTEPQLSAALEYVR 114
ETLKNSALSAQLREAATQAQQTLGS TIDKATGILLYGLASR 78
NEVDMQVLHLLGPK 115
DFERECGVGVIVTPEQI EEAVEAAINR 79
35
TPGYVVTPHTMNLLK 80 Hence, certain specific embodiments include isolated QRS
GEELKGHNTLPSDHR o1 polypeptides that comprise, consist essentially of, or con51.st
of any one or more of SEQ ID NOS:36-103 or 109-115 (in
DRPMEESLLLFEAMR 82 Tables H, I, and J above), which modulate inflammation, such
40 as by reducing pulmonary inflammation, including variants
GEELKGHNTLPSPWRDRPMEESLLLFEAMR 83 : . .
thereof. In certain embodiments, these isolated QRS polypep-
ILQLVATGAVR 84 tide fragments may further comprise 1,2,3,4,5,6,7,8,9, 10,
11, 12, 13, 14, 15, 16, 17, 18, 19, or 20 or more of the
DVLNDTAPRAMAVLESLRVIITNFPAAK 85 . . .
C-terminal and/or N-terminal residues that surround them, as
GFHQVPFAPIVFIERTDFKEEPEPGFKRLAWGQPVGLR 86 45 characterized by their location within the full-length QRS
polypeptide. In certain embodiments, these isolated QRS
AFIHWVSQPLMCEVR 87 polypeptide fragments may be truncated to contain 1, 2, 3, 4,
LGYFSVDPDSHOGKLVENR . 5,6, 7, 8,9, 10,. 11,12,13, 14, 153 16, 173 18,19, 0r20 fewer
of their C-terminal and/or N-terminal residues. Also included
TPGYVVTPHTMNLLK 89 50 are pharmaceutical compositions comprising such QRS
polypeptide fragments, and methods of using said polypep-
FFTAICDMVAWLGYTPYK 90 . o L s
tides or compositions to treat a subject in need thereof.
FDDTNPEKEEAKFFTAI YDMVTWLGYTPYK o1 The present invention also COntemplateS the use of AARS
chimeric or fusion proteins for modulating inflammation. As
DRPMEESLLLFEAMR 92 55 used herein, an AARS “chimeric protein” or “fusion protein”
ILOLVATGAVR 03 includes an AARS polypeptide or polypeptide fragment
linked to either another AARS-polypeptide (e.g., to create
AMAVLESLRVIITNFPAAK 94 multiple fragments), to a non-AARS polypeptide, or to both.
A “non-AARS polypeptide” refers to a “heterologous
SLDIQVPNFPADETK 95 s 107 T : ; ;
60 polypeptide” having an amino acid sequence corresponding
AMAVLESLRVIITNFPAAKSLDIQVPNFPADETK 06 to a protein which is different from an AARS protein, and
which is derived from the same or a different organism. The
TDFKEEPEPGFKRLAWGQPVGLRHTGYVIELQHVVK o7 AARS polypeptide of the fusion protein can correspond to all
APTHWVSQPLMCEVR o8 or a portion of a blologlgally active AARS amino ac%d
65 sequence. In certain embodiments, an AARS fusion protein
LGYFSVDPDSHQGKLVFNR 99 includes at least one (or two) biologically active portion of an

AARS protein. The polypeptides forming the fusion protein
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are typically linked C-terminus to N-terminus, although they
can also be linked C-terminus to C-terminus, N-terminus to
N-terminus, or N-terminus to C-terminus. The polypeptides
of the fusion protein can be in any order.

The fusion partner may be designed and included for
essentially any desired purpose provided they do not
adversely affect the inflammation-modulating activity of the
polypeptide. For example, in one embodiment, a fusion part-
ner may comprise a sequence that assists in expressing the
protein (an expression enhancer) at higher yields than the
native recombinant protein. Other fusion partners may be
selected so as to increase the solubility of the protein or to
enable the protein to be targeted to desired intracellular com-
partments.

The fusion protein can include a moiety which has a high
affinity for a ligand. For example, the fusion protein can be a
GST-AARS fusion protein in which the AARS sequences are
fused to the C-terminus of the GST sequences. As another
example, an AARS polypeptide may be fused to an eight
amino acid tag at the C-terminus, such as an L-E-H-H-H-H-
H-H (SEQ ID NO:5) tag. In certain specific embodiments,
amino acids 1-364 of a YRS polypeptide are fused to a 365-
L-E-H-H-H-H-H-H-372 (SEQ ID NO:5) tag at the C-termi-
nus. Such fusion proteins can facilitate the purification and/or
identification of an AARS polypeptide. Alternatively, the
fusion protein can be an AARS protein containing a heterolo-
gous signal sequence at its N-terminus. In certain host cells,
expression and/or secretion of AARS proteins can be
increased through use of a heterologous signal sequence.

More generally, fusion to heterologous sequences, such as
an Fc fragment, may be utilized to remove unwanted charac-
teristics or to improve the desired characteristics (e.g., phar-
macokinetic properties) of an AARS polypeptide. For
example, fusion to a heterologous sequence may increase
chemical stability, decrease immunogenicity, improve in vivo
targeting, and/or increase half-life in circulation of an AARS
polypeptide.

Fusion to heterologous sequences may also be used to
create bi-functional fusion proteins, such as bi-functional
proteins that are not only capable of reducing pulmonary
inflammation through the AARS polypeptide, but are also
capable of modifying (i.e., stimulating or inhibiting) other
pathways through the heterologous polypeptide. Examples of
such pathways include, but are not limited to, various immune
system-related pathways, such as innate or adaptive immune
activation pathways, or cell-growth regulatory pathways,
such as angiogenesis, or hematopoiesis. In certain aspects, the
heterologous polypeptide may act synergistically with the
AARS polypeptide to modulate inflammation-related path-
ways in a subject. Examples of heterologous polypeptides
that may be utilized to create a bi-functional fusion protein
include, but are not limited to, thrombopoietin, cytokines
(e.g., IL-11), chemokines, and various hematopoietic growth
factors, in addition to biologically active fragments and/or
variants thereof.

Fusion proteins may generally be prepared using standard
techniques. For example, DNA sequences encoding the
polypeptide components of a desired fusion may be
assembled separately, and ligated into an appropriate expres-
sion vector. The 3' end of the DNA sequence encoding one
polypeptide component is ligated, with or without a peptide
linker, to the 5' end of a DNA sequence encoding the second
polypeptide component so that the reading frames of the
sequences are in phase. This permits translation into a single
fusion protein that retains the biological activity of both com-
ponent polypeptides.

10

15

20

25

30

35

40

45

50

55

60

65

44

A peptide linker sequence may be employed to separate the
first and second polypeptide components by a distance suffi-
cient to ensure that each polypeptide folds into its secondary
and tertiary structures, if desired. Such a peptide linker
sequence is incorporated into the fusion protein using stan-
dard techniques well known in the art. Certain peptide linker
sequences may be chosen based on the following factors: (1)
their ability to adopt a flexible extended conformation; (2)
their inability to adopt a secondary structure that could inter-
act with functional epitopes on the first and second polypep-
tides; and (3) the lack of hydrophobic or charged residues that
might react with the polypeptide functional epitopes. Pre-
ferred peptide linker sequences contain Gly, Asn and Ser
residues. Other near neutral amino acids, such as Thr and Ala
may also be used in the linker sequence. Amino acid
sequences which may be usefully employed as linkers
include those disclosed in Maratea et al., Gene 40:39 46
(1985); Murphy et al., Proc. Natl. Acad. Sci. USA 83:8258
8262 (1986); U.S. Pat.No. 4,935,233 and U.S. Pat. No. 4,751,
180. The linker sequence may generally be from 1 to about 50
amino acids in length. Linker sequences are not required
when the first and second polypeptides have non-essential
N-terminal amino acid regions that can be used to separate the
functional domains and prevent steric interference.

The ligated DNA sequences may be operably linked to
suitable transcriptional or translational regulatory elements.
The regulatory elements responsible for expression of DNA
are typically located 5' to the DNA sequence encoding the
first polypeptide. Similarly, stop codons required to end trans-
lation and transcription termination signals are present 3' to
the DNA sequence encoding the second polypeptide.

In general, polypeptides and fusion polypeptides (as well
as their encoding polynucleotides) are isolated. An “isolated”
polypeptide or polynucleotide is one that is removed from its
original environment. For example, a naturally-occurring
protein is isolated if it is separated from some or all of the
coexisting materials in the natural system. Preferably, such
polypeptides are at least about 90% pure, more preferably at
least about 95% pure and most preferably at least about 99%
pure. A polynucleotide is considered to be isolated if, for
example, it is cloned into a vector that is not a part of the
natural environment.

Certain embodiments also encompass dimers of AARS
polypeptides. Dimers may include, for example, homodimers
between two identical AARS polypeptides, heterodimers
between two different AARS polypeptides (e.g., a full-length
YRS polypeptide and a truncated YRS polypeptide; a trun-
cated YRS polypeptide and a truncated WRS polypeptide),
and/or heterodimers between an AARS polypeptide and a
heterologous polypeptide. Certain heterodimers, such as
those between an AARS polypeptide and a heterologous
polypeptide, may be bi-functional, as described herein. Also
included are monomers of AARS polypeptides, including
isolated AARS polypeptides monomers that do not substan-
tially dimerize with a second AARS polypeptide, whether due
to one or more substitutions, truncations, deletions, additions,
chemical modifications, or a combination of these alterations.
In certain embodiments, monomeric AARS polypeptides
possess biological activities, including inflammatory
response-modulating activities, which are not possessed by
dimeric or multimeric AARS polypeptide complexes.

Certain embodiments of the present invention also contem-
plate the use of modified AARS polypeptides, including
modifications that improved the desired characteristics of an
AARS polypeptide, as described herein. Modifications of
AARS polypeptides of the invention include chemical and/or
enzymatic derivatizations at one or more constituent amino
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acid, including side chain modifications, backbone modifica-
tions, and N- and C-terminal modifications including acety-
lation, hydroxylation, methylation, amidation, and the attach-
ment of carbohydrate or lipid moieties, cofactors, and the
like. Exemplary modifications also include pegylation of an
AARS-polypeptide (see, e.g., Veronese and Harris, Advanced
Drug Delivery Reviews 54: 453-456, 2002, herein incorpo-
rated by reference).

In certain aspects, chemoselective ligation technology may
be utilized to modify truncated AARS polypeptides of the
invention, such as by attaching polymers in a site-specific and
controlled manner. Such technology typically relies on the
incorporation of chemoselective anchors into the protein
backbone by either chemical or recombinant means, and sub-
sequent modification with a polymer carrying a complemen-
tary linker. As a result, the assembly process and the covalent
structure of the resulting protein-polymer conjugate may be
controlled, enabling the rational optimization of drug prop-
erties, such as efficacy and pharmacokinetic properties (see,
e.g., Kochendoerfer, Current Opinion in Chemical Biology
9:555-560, 2005).

The truncated and/or variant AARS polypeptides of the
invention may be prepared by any suitable procedure known
to those of skill in the art, such as by recombinant techniques.
For example, AARS polypeptides may be prepared by a pro-
cedure including the steps of: (a) preparing a construct com-
prising a polynucleotide sequence that encodes a truncated
AARS polypeptide and that is operably linked to a regulatory
element; (b) introducing the construct into a host cell; (c)
culturing the host cell to express the truncated AARS
polypeptide; and (d) isolating the truncated and/or variant
AARS polypeptide from the host cell. In illustrative
examples, the nucleotide sequence encodes at least a biologi-
cally active portion of a polypeptide sequence set forth in, or
derived from, SEQ ID NOS:1, 2, 3, 6, 8, 10, 12, or 14, or a
biologically active variant or fragment thereof. Recombinant
AARS polypeptides can be conveniently prepared using stan-
dard protocols as described for example in Sambrook, et al.,
(1989, supra), in particular Sections 16 and 17; Ausubel et al.,
(1994, supra), in particular Chapters 10 and 16; and Coligan
et al., Current Protocols in Protein Science (John Wiley &
Sons, Inc. 1995-1997), in particular Chapters 1, 5 and 6.

In addition to recombinant production methods, polypep-
tides of the invention, and fragments thereof, may be pro-
duced by direct peptide synthesis using solid-phase tech-
niques (Merrifield, J. Am. Chem. Soc. 85:2149-2154 (1963)).
Protein synthesis may be performed using manual techniques
or by automation. Automated synthesis may be achieved, for
example, using Applied Biosystems 431A Peptide Synthe-
sizer (Perkin Elmer). Alternatively, various fragments may be
chemically synthesized separately and combined using
chemical methods to produce the desired molecule.
Polynucleotide Compositions

The present invention also provides isolated polynucle-
otides that encode the aminoacyl-tRNA synthetase polypep-
tides of the invention, including truncations and/or variants
thereof, as well as compositions comprising such polynucle-
otides.

As used herein, the terms “DNA” and “polynucleotide”
and “nucleic acid” refer to a DNA molecule that has been
isolated free of total genomic DNA of a particular species.
Therefore, a DNA segment encoding a polypeptide refers to a
DNA segment that contains one or more coding sequences yet
is substantially isolated away from, or purified free from, total
genomic DNA of the species from which the DNA segment is
obtained. Included within the terms “DNA segment” and
“polynucleotide” are DNA segments and smaller fragments
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of such segments, and also recombinant vectors, including,
for example, plasmids, cosmids, phagemids, phage, viruses,
and the like.

As will be understood by those skilled in the art, the poly-
nucleotide sequences of this invention can include genomic
sequences, extra-genomic and plasmid-encoded sequences
and smaller engineered gene segments that express, or may be
adapted to express, proteins, polypeptides, peptides and the
like. Such segments may be naturally isolated, or modified
synthetically by the hand of man.

As will be recognized by the skilled artisan, polynucle-
otides may be single-stranded (coding or antisense) or
double-stranded, and may be DNA (genomic, cDNA or syn-
thetic) or RNA molecules. Additional coding or non-coding
sequences may, but need not, be present within a polynucle-
otide of the present invention, and a polynucleotide may, but
need not, be linked to other molecules and/or support mate-
rials.

Polynucleotides may comprise a native sequence (i.e., an
endogenous sequence that encodes an aminoacyl-tRNA syn-
thetase or a portion thereof) or may comprise a variant, or a
biological functional equivalent of such a sequence. Poly-
nucleotide variants may contain one or more substitutions,
additions, deletions and/or insertions, as further described
below, preferably such that the inflammatory response-modu-
lating activity of the encoded polypeptide is not substantially
diminished relative to the unmodified polypeptide. The effect
on the inflammatory response-modulating activity of the
encoded polypeptide may generally be assessed as described
herein.

In additional embodiments, the present invention provides
isolated polynucleotides comprising various lengths of con-
tiguous stretches of sequence identical to or complementary
to an aminoacyl-tRNA synthetase, wherein the isolated poly-
nucleotides encode a truncated aminoacyl tRNA synthetase
as described herein.

Exemplary nucleotide sequences that encode the AARS
polypeptides of the application encompass coding sequences,
such as the polynucleotide sequences of SEQ ID NOS:4,7, 9,
11,13,15,17,19,and 31, as well as portions of the full-length
or substantially full-length nucleotide sequences of the
AARS genes or their transcripts or DNA copies of these
transcripts.

Portions of an AARS nucleotide sequence may encode
polypeptide portions or segments that retain the biological
activity of the reference polypeptide, including the polypep-
tides of SEQ IDNOS:1, 2, 3, 6, 8, 10, 12, 14, 16, 25, 28, 30,
32-108, and 109-115 or polypeptides having an amino acid
sequence that is at least 80%, 85%, 90%, 95%, 97%, or 98%
identical to these sequences. A portion of an AARS nucle-
otide sequence that encodes a biologically active fragment of
an AARS polypeptide may encode at least about 20, 21, 22,
23,24,25,30,40, 50, 60, 70, 80, 90, 100, 120, 150,300 or 400
contiguous amino acid residues, or almost up to the total
number of amino acids present in a full-length AARS
polypeptide. It will be readily understood that “intermediate
lengths,” in this context and in all other contexts used herein,
means any length between the quoted values, such as 101,
102, 103, etc.; 151, 152, 153, etc.; 201, 202, 203, etc.

The polynucleotides of the present invention, regardless of
the length of the coding sequence itself, may be combined
with other DNA sequences, such as promoters, polyadenyla-
tion signals, additional restriction enzyme sites, multiple
cloning sites, other coding segments, and the like, such that
their overall length may vary considerably. It is therefore
contemplated that a polynucleotide fragment of almost any
length may be employed, with the total length preferably
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being limited by the ease of preparation and use in the
intended recombinant DNA protocol.

The invention also contemplates variants of the AARS
nucleotide sequences. Nucleic acid variants can be naturally-
occurring, such as allelic variants (same locus), homologs
(different locus), and orthologs (different organism) or can be
non naturally-occurring. Naturally occurring variants such as
these can be identified with the use of well-known molecular
biology techniques, as, for example, with polymerase chain
reaction (PCR) and hybridization techniques as known in the
art. Non-naturally occurring variants can be made by
mutagenesis techniques, including those applied to poly-
nucleotides, cells, or organisms. The variants can contain
nucleotide substitutions, deletions, inversions and insertions.
Variation can occur in either or both the coding and non-
coding regions. The variations can produce both conservative
and non-conservative amino acid substitutions (as compared
in the encoded product). For nucleotide sequences, conserva-
tive variants include those sequences that, because of the
degeneracy of the genetic code, encode the amino acid
sequence of a reference AARS polypeptide, such as the
sequences set forth in SEQ ID NOS: 1, 2, 3, 6, 8, 10, 12, 14,
16, 25, 28, 30, 32-108, or 109-115. Variant nucleotide
sequences also include synthetically derived nucleotide
sequences, such as those generated, for example, by using
site-directed mutagenesis but which still encode an AARS
polypeptide. Generally, variants of a particular AARS nucle-
otide sequence will have at least about 30%, 40% 50%, 55%,
60%, 65%, 70%, generally at least about 75%, 80%, 85%,
desirably about 90% to 95% or more, and more suitably about
98% or more sequence identity to that particular nucleotide
sequence as determined by sequence alignment programs
described elsewhere herein using default parameters.

AARS nucleotide sequences can be used to isolate corre-
sponding sequences and alleles from other organisms, par-
ticularly other organisms or microorganisms. Methods are
readily available in the art for the hybridization of nucleic acid
sequences. Coding sequences from other organisms may be
isolated according to well known techniques based on their
sequence identity with the coding sequences set forth herein.
In these techniques all or part of the known coding sequence
is used as a probe which selectively hybridizes to other
AARS-coding sequences present in a population of cloned
genomic DNA fragments or cDNA fragments (i.e., genomic
or cDNA libraries) from a chosen organism.

Accordingly, the present invention also contemplates poly-
nucleotides that hybridize to reference AARS nucleotide
sequences, or to their complements, under stringency condi-
tions described below. As used herein, the term “hybridizes
under low stringency, medium stringency, high stringency, or
very high stringency conditions” describes conditions for
hybridization and washing. Guidance for performing hybrid-
ization reactions can be found in Ausubel et al., (1998, supra),
Sections 6.3.1-6.3.6. Aqueous and non-aqueous methods are
described in that reference and either can be used. Reference
herein to low stringency conditions include and encompass
from at least about 1% v/v to at least about 15% v/v forma-
mide and from at least about 1 M to at least about 2 M salt for
hybridization at 42° C., and at least about 1 M to at least about
2 M salt for washing at 42° C. Low stringency conditions also
may include 1% Bovine Serum Albumin (BSA), 1 mM
EDTA, 0.5 M NaHPO, (pH 7.2), 7% SDS for hybridization at
65° C., and (i) 2xSSC, 0.1% SDS; or (ii) 0.5% BSA, 1 mM
EDTA, 40 mM NaHPO, (pH 7.2), 5% SDS for washing at
room temperature. One embodiment of low stringency con-
ditions includes hybridization in 6x sodium chloride/sodium
citrate (SSC) at about 45° C., followed by two washes in
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0.2xSSC, 0.1% SDS at least at 50° C. (the temperature of the
washes can be increased to 55° C. for low stringency condi-
tions). Medium stringency conditions include and encompass
from at least about 16% v/v to at least about 30% v/v forma-
mide and from at least about 0.5 M to at least about 0.9 M salt
for hybridization at 42° C., and at least about 0.1 M to at least
about 0.2 M salt for washing at 55° C. Medium stringency
conditions also may include 1% Bovine Serum Albumin
(BSA), 1 mM EDTA, 0.5 M NaHPO, (pH 7.2), 7% SDS for
hybridization at 65° C., and (i) 2xSSC, 0.1% SDS; or (ii)
0.5% BSA, 1 mM EDTA, 40 mM NaHPO,, (pH 7.2), 5% SDS
for washing at 60-65° C. One embodiment of medium strin-
gency conditions includes hybridizing in 6xSSC at about 45°
C., followed by one or more washes in 0.2xSSC, 0.1% SDS at
60° C. High stringency conditions include and encompass
from at least about 31% v/v to at least about 50% v/v forma-
mide and from about 0.01 M to about 0.15 M salt for hybrid-
ization at 42° C., and about 0.01 M to about 0.02 M salt for
washing at 55° C. High stringency conditions also may
include 1% BSA, 1 mM EDTA, 0.5 M NaHPO,, (pH 7.2), 7%
SDS for hybridization at 65° C., and (i) 0.2xSSC, 0.1% SDS;
or (i) 0.5% BSA, 1 mM EDTA, 40 mM NaHPO, (pH 7.2),
1% SDS for washing at a temperature in excess of 65° C. One
embodiment of high stringency conditions includes hybrid-
izing in 6xSSC at about 45° C., followed by one or more
washes in 0.2xSSC, 0.1% SDS at 65° C.

In certain embodiments, an AARS polypeptide is encoded
by a polynucleotide that hybridizes to a disclosed nucleotide
sequence under very high stringency conditions. One
embodiment of very high stringency conditions includes
hybridizing in 0.5 M sodium phosphate, 7% SDS at 65° C.,
followed by one or more washes in 0.2xSSC, 1% SDS at 65°
C.

Other stringency conditions are well known in the art and a
skilled artisan will recognize that various factors can be
manipulated to optimize the specificity of the hybridization.
Optimization of the stringency of the final washes can serve to
ensure a high degree of hybridization. For detailed examples,
see Ausubel et al., supra at pages 2.10.1 to 2.10.16 and Sam-
brook et al. (1989, supra) at sections 1.101 to 1.104.

While stringent washes are typically carried out at tem-
peratures from about 42° C. to 68° C., one skilled in the art
will appreciate that other temperatures may be suitable for
stringent conditions. Maximum hybridization rate typically
occurs at about 20° C. to 25° C. below the T,, for formation of
a DNA-DNA hybrid. It is well known in the art that the T, is
the melting temperature, or temperature at which two
complementary polynucleotide sequences dissociate. Meth-
ods for estimating T,, are well known in the art (see Ausubel
et al., supra at page 2.10.8).

In general, the T,, of a perfectly matched duplex of DNA
may be predicted as an approximation by the formula:
T,=81.5+16.6 (log,, M)+0.41 (% G+C)-0.63 (% forma-
mide)-(600/length) wherein: M is the concentration of Na*,
preferably in the range of 0.01 molar to 0.4 molar; % G+C is
the sum of guanosine and cytosine bases as a percentage of
the total number of bases, within the range between 30% and
75% G+C; % formamide is the percent formamide concen-
tration by volume; length is the number of base pairs in the
DNA duplex. The T,, of a duplex DNA decreases by approxi-
mately 1° C. with every increase of 1% in the number of
randomly mismatched base pairs. Washing is generally car-
ried out at T,,—15° C. for high stringency, or T, -30° C. for
moderate stringency.

In one example of a hybridization procedure, a membrane
(e.g., a nitrocellulose membrane or a nylon membrane) con-
taining immobilized DNA is hybridized overnight at 42° C. in
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a hybridization buffer (50% deionized formamide, 5xSSC,
S5xDenhardt’s solution (0.1% ficoll, 0.1% polyvinylpyrolli-
done and 0.1% bovine serum albumin), 0.1% SDS and 200
mg/mL denatured salmon sperm DNA) containing a labeled
probe. The membrane is then subjected to two sequential
medium stringency washes (i.e., 2xSSC, 0.1% SDS for 15
min at 45° C., followed by 2xSSC, 0.1% SDS for 15 min at
50°C.), followed by two sequential higher stringency washes
(i-e., 0.2xSSC, 0.1% SDS for 12 min at 55° C. followed by
0.2xSSC and 0.1% SDS solution for 12 min at 65-68° C.

Polynucleotides and fusions thereof may be prepared,
manipulated and/or expressed using any of a variety of well
established techniques known and available in the art. For
example, polynucleotide sequences which encode polypep-
tides of the invention, or fusion proteins or functional equiva-
lents thereof, may be used in recombinant DNA molecules to
direct expression of a truncated and/or variant aminoacyl-
tRNA synthetase polypeptide in appropriate host cells. Due to
the inherent degeneracy of the genetic code, other DNA
sequences that encode substantially the same or a function-
ally equivalent amino acid sequence may be produced and
these sequences may be used to clone and express a given
polypeptide.

As will be understood by those of skill in the art, it may be
advantageous in some instances to produce polypeptide-en-
coding nucleotide sequences possessing non-naturally occur-
ring codons. For example, codons preferred by a particular
prokaryotic or eukaryotic host can be selected to increase the
rate of protein expression or to produce a recombinant RNA
transcript having desirable properties, such as a half-life
which is longer than that of a transcript generated from the
naturally occurring sequence.

Moreover, the polynucleotide sequences of the present
invention can be engineered using methods generally known
in the art in order to alter polypeptide encoding sequences for
a variety of reasons, including but not limited to, alterations
which modify the cloning, processing, expression and/or
activity of the gene product.

In order to express a desired polypeptide, a nucleotide
sequence encoding the polypeptide, or a functional equiva-
lent, may be inserted into appropriate expression vector, i.e.,
a vector which contains the necessary elements for the tran-
scription and translation of the inserted coding sequence.
Methods which are well known to those skilled in the art may
be used to construct expression vectors containing sequences
encoding a polypeptide of interest and appropriate transcrip-
tional and translational control elements. These methods
include in vitro recombinant DNA techniques, synthetic tech-
niques, and in vivo genetic recombination. Such techniques
are described in Sambrook et al., Molecular Cloning, A Labo-
ratory Manual (1989), and Ausubel et al., Current Protocols in
Molecular Biology (1989).

A variety of expression vector/host systems are known and
may be utilized to contain and express polynucleotide
sequences. These include, but are not limited to, microorgan-
isms such as bacteria transformed with recombinant bacte-
riophage, plasmid, or cosmid DNA expression vectors; yeast
transformed with yeast expression vectors; insect cell sys-
tems infected with virus expression vectors (e.g., baculovi-
rus); plant cell systems transformed with virus expression
vectors (e.g., cauliflower mosaic virus, CaMV; tobacco
mosaic virus, TMV) or with bacterial expression vectors
(e.g., Ti or pBR322 plasmids); or animal cell systems.

The “control elements” or “regulatory sequences” present
in an expression vector are those non-translated regions of the
vector—enhancers, promoters, 5' and 3' untranslated
regions—which interact with host cellular proteins to carry
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out transcription and translation. Such elements may vary in
their strength and specificity. Depending on the vector system
and host utilized, any number of suitable transcription and
translation elements, including constitutive and inducible
promoters, may be used. For example, when cloning in bac-
terial systems, inducible promoters such as the hybrid lacZ
promoter of the pBLUESCRIPT phagemid (Stratagene, La
Jolla, Calif.) or PSPORT1 plasmid (Gibco BRL, Gaithers-
burg, Md.) and the like may be used. In mammalian cell
systems, promoters from mammalian genes or from mamma-
lian viruses are generally preferred. If it is necessary to gen-
erate a cell line that contains multiple copies of the sequence
encoding a polypeptide, vectors based on SV40 or EBV may
be advantageously used with an appropriate selectable
marker.

In bacterial systems, a number of expression vectors may
be selected depending upon the use intended for the expressed
polypeptide. For example, when large quantities are needed,
vectors which direct high level expression of fusion proteins
that are readily purified may be used. Such vectors include,
but are not limited to, the multifunctional . co/i cloning and
expression vectors such as BLUESCRIPT (Stratagene), in
which the sequence encoding the polypeptide of interest may
be ligated into the vector in frame with sequences for the
amino-terminal Met and the subsequent 7 residues of 3-ga-
lactosidase so that a hybrid protein is produced; pIN vectors
(Van Heeke & Schuster, J. Biol. Chem. 264:5503 5509
(1989)); and the like. pGEX Vectors (Promega, Madison,
Wis.) may also be used to express foreign polypeptides as
fusion proteins with glutathione S-transferase (GST). In gen-
eral, such fusion proteins are soluble and can easily be puri-
fied from lysed cells by adsorption to glutathione-agarose
beads followed by elution in the presence of free glutathione.
Proteins made in such systems may be designed to include
heparin, thrombin, or factor XA protease cleavage sites so
that the cloned polypeptide of interest can be released from
the GST moiety at will.

Intheyeast Saccharomyces cerevisiae, anumber of vectors
containing constitutive or inducible promoters such as alpha
factor, alcohol oxidase, and PGH may be used. For reviews,
see Ausubel et al. (supra) and Grant et al., Methods Enzymol.
153:516-544 (1987).

In cases where plant expression vectors are used, the
expression of sequences encoding polypeptides may be
driven by any of a number of promoters. For example, viral
promoters such as the 35S and 19S promoters of CaMV may
be used alone or in combination with the omega leader
sequence from TMV (Takamatsu, EMBO J. 6:307-311
(1987)). Alternatively, plant promoters such as the small sub-
unit of RUBISCO or heat shock promoters may be used
(Coruzzi et al., EMBO J. 3:1671-1680 (1984); Broglie et al.,
Science 224:838-843 (1984); and Winter et al., Results Probl.
Cell Differ: 17:85-105 (1991)). These constructs can be intro-
duced into plant cells by direct DNA transformation or patho-
gen-mediated transfection. Such techniques are described in
a number of generally available reviews (see, e.g., Hobbs in
McGraw Hill, Yearbook of Science and Technology, pp. 191-
196 (1992)).

An insect system may also be used to express a polypeptide
of interest. For example, in one such system, Autographa
californica nuclear polyhedrosis virus (AcNPV) is used as a
vector to express foreign genes in Spodoptera frugiperda
cells or in Trichoplusia larvae. The sequences encoding the
polypeptide may be cloned into a non-essential region of the
virus, such as the polyhedrin gene, and placed under control
of the polyhedrin promoter. Successful insertion of the
polypeptide-encoding sequence will render the polyhedrin
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gene inactive and produce recombinant virus lacking coat
protein. The recombinant viruses may then be used to infect,
for example, S. frugiperda cells or Trichoplusia larvae in
which the polypeptide of interest may be expressed (Engel-
hard et al.,, Proc. Natl. Acad. Sci. US.A. 91:3224-3227
(1994)).

In mammalian host cells, a number of viral-based expres-
sion systems are generally available. For example, in cases
where an adenovirus is used as an expression vector,
sequences encoding a polypeptide of interest may be ligated
into an adenovirus transcription/translation complex consist-
ing of the late promoter and tripartite leader sequence. Inser-
tion in a non-essential E1 or E3 region of the viral genome
may be used to obtain a viable virus which is capable of
expressing the polypeptide in infected host cells (Logan &
Shenk, Proc. Natl. Acad. Sci. U.S.A. 81:3655-3659 (1984)).
In addition, transcription enhancers, such as the Rous sar-
coma virus (RSV) enhancer or immediate/early cytomega-
lovirus (CMV) enhancer/promoter region, may be used to
increase expression in mammalian host cells.

Specific initiation signals may also be used to achieve more
efficient translation of sequences encoding a polypeptide of
interest. Such signals include the ATG initiation codon and
adjacent sequences. In cases where sequences encoding the
polypeptide, its initiation codon, and upstream sequences are
inserted into the appropriate expression vector, no additional
transcriptional or translational control signals may be needed.
However, in cases where only coding sequence, or a portion
thereof, is inserted, exogenous translational control signals
including the ATG initiation codon should be provided. Fur-
thermore, the initiation codon should be in the correct reading
frame to ensure translation of the entire insert. Exogenous
translational elements and initiation codons may be of various
origins, both natural and synthetic. The efficiency of expres-
sion may be enhanced by the inclusion of enhancers which are
appropriate for the particular cell system which is used, such
as those described in the literature (Scharf. et al., Results
Probl. Cell Differ. 20:125-162 (1994)).

In addition, a host cell strain may be chosen for its ability to
modulate the expression of the inserted sequences or to pro-
cess the expressed protein in the desired fashion. Such modi-
fications of the polypeptide include, but are not limited to,
acetylation, carboxylation, glycosylation, phosphorylation,
lipidation, and acylation. Post-translational processing which
cleaves a “prepro” form of the protein may also be used to
facilitate correct insertion, folding and/or function. Different
host cells such as CHO, HelLa, MDCK, HEK293, and W138,
which have specific cellular machinery and characteristic
mechanisms for such post-translational activities, may be
chosen to ensure the correct modification and processing of
the foreign protein.

For long-term, high-yield production of recombinant pro-
teins, stable expression is generally preferred. For example,
cell lines which stably express a polynucleotide of interest
may be transformed using expression vectors which may
contain viral origins of replication and/or endogenous expres-
sion elements and a selectable marker gene on the same or on
a separate vector. Following the introduction of the vector,
cells may be allowed to grow for 1-2 days in an enriched
media before they are switched to selective media. The pur-
pose of the selectable marker is to confer resistance to selec-
tion, and its presence allows growth and recovery of cells
which successfully express the introduced sequences. Resis-
tant clones of stably transformed cells may be proliferated
using tissue culture techniques appropriate to the cell type.

Any number of selection systems may be used to recover
transformed cell lines. These include, but are not limited to,
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the herpes simplex virus thymidine kinase (Wigler et al., Cel/
11:223-232 (1977)) and adenine phosphoribosyltransferase
(Lowy et al., Cell 22:817-823 (1990)) genes which can be
employed in tk- or aprt-cells, respectively. Also, antimetabo-
lite, antibiotic or herbicide resistance can be used as the basis
for selection; for example, dhfr which confers resistance to
methotrexate (Wigler et al., Proc. Natl. Acad. Sci. U.S.A.
77:3567-70 (1980)); npt, which confers resistance to the ami-
noglycosides, neomycin and G-418 (Colbere-Garapin et al.,
J. Mol. Biol. 150:1-14 (1981)); and als or pat, which confer
resistance to chlorsulfuron and phosphinotricin acetyltrans-
ferase, respectively (Murry, supra). Additional selectable
genes have been described, for example, trpB, which allows
cells to utilize indole in place of tryptophan, or hisD, which
allows cells to utilize histinol in place of histidine (Hartman &
Mulligan, Proc. Natl. Acad. Sci. U.S.A. 85:8047-51 (1988)).
The use of visible markers has gained popularity with such
markers as anthocyanins, f-glucuronidase and its substrate
GUS, and luciferase and its substrate luciferin, being widely
used not only to identify transformants, but also to quantify
the amount of transient or stable protein expression attribut-
able to a specific vector system (Rhodes et al., Methods Mol.
Biol. 55:121-131 (1995)).

A variety of protocols for detecting and measuring the
expression of polynucleotide-encoded products, using either
polyclonal or monoclonal antibodies specific for the product
are known in the art. Examples include enzyme-linked immu-
nosorbent assay (ELISA), radioimmunoassay (RIA), and
fluorescence activated cell sorting (FACS). These and other
assays are described, among other places, in Hampton et al.,
Serological Methods, a Laboratory Manual (1990) and Mad-
dox et al., J. Exp. Med. 158:1211-1216 (1983).

A wide variety of labels and conjugation techniques are
known by those skilled in the art and may be used in various
nucleic acid and amino acid assays. Means for producing
labeled hybridization or PCR probes for detecting sequences
related to polynucleotides include oligolabeling, nick trans-
lation, end-labeling or PCR amplification using a labeled
nucleotide. Alternatively, the sequences, or any portions
thereof may be cloned into a vector for the production of an
mRNA probe. Such vectors are known in the art, are com-
mercially available, and may be used to synthesize RNA
probes invitro by addition of an appropriate RNA polymerase
such as T7, T3, or SP6 and labeled nucleotides. These proce-
dures may be conducted using a variety of commercially
available kits. Suitable reporter molecules or labels, which
may be used include radionuclides, enzymes, fluorescent,
chemiluminescent, or chromogenic agents as well as sub-
strates, cofactors, inhibitors, magnetic particles, and the like.

Host cells transformed with a polynucleotide sequence of
interest may be cultured under conditions suitable for the
expression and recovery of the protein from cell culture. The
protein produced by a recombinant cell may be secreted or
contained intracellularly depending on the sequence and/or
the vector used. As will be understood by those of skill in the
art, expression vectors containing polynucleotides of the
invention may be designed to contain signal sequences which
direct secretion of the encoded polypeptide through a
prokaryotic or eukaryotic cell membrane. Other recombinant
constructions may be used to join sequences encoding a
polypeptide of interest to nucleotide sequence encoding a
polypeptide domain which will facilitate purification of
soluble proteins.

Antibody Compositions, Fragments Thereof and Other Bind-
ing Agents

According to another aspect, the present invention further
provides binding agents, such as antibodies and antigen-bind-
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ing fragments thereof, that exhibit immunological binding to
a polypeptide disclosed herein, or to a portion, variant or
derivative thereof, and methods of using same. Preferably,
such binding agents are effective for modulating one or more
of the non-canonical activities mediated by an AARS
polypeptide of the invention, or for detecting the presence or
absence of selected AARS polypeptides (e.g., truncations,
alternate splice variants, mutants) in a sample, such as a
biological sample obtained from a subject.

For example, certain embodiments contemplate a method
of identifying or characterizing an AARS polypeptide in a
subject, comprising obtaining a biological sample from the
subject, contacting the biological sample with an antibody, or
antigen-binding fragment thereof, wherein the antibody or
antigen-binding fragment specifically binds to an AARS
polypeptide of the invention, and detecting the presence or
absence of the bound antibody, or antigen-binding fragment
thereof, thereby identifying or characterizing the AARS
polypeptide in the subject. In certain aspects, the antibody, or
antigen-binding fragment thereof, specifically binds to a cer-
tain variant or truncated AARS polypeptide, such as a
selected AARS mutant or alternate splice variant, but does not
specifically bind to other AARS polypeptides, such as a full-
length, wild type AARS polypeptide.

An antibody, or antigen-binding fragment thereof; is said
to “specifically bind,” “immunologically bind,” and/or is
“immunologically reactive to a polypeptide of the invention
ifitreacts at a detectable level (within, for example, an ELISA
assay) with the polypeptide, and does not react detectably
with unrelated polypeptides under similar conditions.

Immunological binding, as used in this context, generally
refers to the non-covalent interactions of the type which occur
between an immunoglobulin molecule and an antigen for
which the immunoglobulin is specific. The strength, or affin-
ity of immunological binding interactions can be expressed in
terms of the dissociation constant (K,) of the interaction,
wherein a smaller K, represents a greater affinity. Immuno-
logical binding properties of selected polypeptides can be
quantified using methods well known in the art. One such
method entails measuring the rates of antigen-binding site/
antigen complex formation and dissociation, wherein those
rates depend on the concentrations of the complex partners,
the affinity of the interaction, and on geometric parameters
that equally influence the rate in both directions. Thus, both
the “on rate constant” (k,,,) and the “off rate constant” (k, ;)
can be determined by calculation of the concentrations and
the actual rates of association and dissociation. The ratio of
k, 4k, enables cancellation of all parameters not related to
affinity, and is thus equal to the dissociation constant K ;. See,
generally, Davies et al. (1990) Annual Rev. Biochem. 59:439-
473.

An “antigen-binding site,” or “binding portion” of an anti-
body refers to the part of the immunoglobulin molecule that
participates in antigen binding. The antigen binding site is
formed by amino acid residues of the N-terminal variable
(“V)regions of the heavy (“H”) and light (L) chains. Three
highly divergent stretches within the V regions of the heavy
and light chains are referred to as “hypervariable regions”
which are interposed between more conserved flanking
stretches known as “framework regions,” or “FRs.” Thus, the
term “FR” refers to amino acid sequences which are naturally
found between and adjacent to hypervariable regions in
immunoglobulins. In an antibody molecule, the three hyper-
variable regions of a light chain and the three hypervariable
regions of a heavy chain are disposed relative to each other in
three dimensional space to form an antigen-binding surface.
The antigen-binding surface is complementary to the three-
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dimensional surface of a bound antigen, and the three hyper-
variable regions of each of the heavy and light chains are
referred to as “complementarity-determining regions,” or
“CDRs.”

A binding agent may be, for example, a ribosome, with or
without a peptide component, an RNA molecule or a
polypeptide. In a preferred embodiment, a binding agent is an
antibody or an antigen-binding fragment thereof. Antibodies
may be prepared by any of a variety of techniques known to
those of ordinary skill in the art. See, e.g., Harlow and Lane,
Antibodies: A Laboratory Manual, Cold Spring Harbor Labo-
ratory, 1988. In general, antibodies can be produced by cell
culture techniques, including the generation of monoclonal
antibodies as described herein, or via transfection of antibody
genes into suitable bacterial or mammalian cell hosts, in order
to allow for the production of recombinant antibodies. In one
technique, an immunogen comprising the polypeptide is ini-
tially injected into any of a wide variety of mammals (e.g.,
mice, rats, rabbits, sheep or goats). In this step, the polypep-
tides of this invention may serve as the immunogen without
modification. Alternatively, particularly for relatively short
polypeptides, a superior immune response may be elicited if
the polypeptide is joined to a carrier protein, such as bovine
serum albumin or keyhole limpet hemocyanin. The immuno-
gen is injected into the animal host, preferably according to a
predetermined schedule incorporating one or more booster
immunizations, and the animals are bled periodically. Poly-
clonal antibodies specific for the polypeptide may then be
purified from such antisera by, for example, affinity chroma-
tography using the polypeptide coupled to a suitable solid
support.

Monoclonal antibodies specific for an polypeptide of inter-
est may be prepared, for example, using the technique of
Kohler and Milstein, Eur. J. Immunol. 6:511-519, 1976, and
improvements thereto. Briefly, these methods involve the
preparation of immortal cell lines capable of producing anti-
bodies having the desired specificity (i.e., reactivity with the
polypeptide of interest). Such cell lines may be produced, for
example, from spleen cells obtained from an animal immu-
nized as described above. The spleen cells are then immor-
talized by, for example, fusion with a myeloma cell fusion
partner, preferably one that is syngeneic with the immunized
animal. A variety of fusion techniques may be employed. For
example, the spleen cells and myeloma cells may be com-
bined with a nonionic detergent for a few minutes and then
plated at low density on a selective medium that supports the
growth of hybrid cells, but not myeloma cells. A preferred
selection technique uses HAT (hypoxanthine, aminopterin,
thymidine) selection. After a sufficient time, usually about 1
to 2 weeks, colonies of hybrids are observed. Single colonies
are selected and their culture supernatants tested for binding
activity against the polypeptide. Hybridomas having high
reactivity and specificity are preferred.

Monoclonal antibodies may be isolated from the superna-
tants of growing hybridoma colonies. In addition, various
techniques may be employed to enhance the yield, such as
injection of the hybridoma cell line into the peritoneal cavity
of a suitable vertebrate host, such as a mouse. Monoclonal
antibodies may then be harvested from the ascites fluid or the
blood. Contaminants may be removed from the antibodies by
conventional techniques, such as chromatography, gel filtra-
tion, precipitation, and extraction. The polypeptides of this
invention may be used in the purification process in, for
example, an affinity chromatography step.

A number of therapeutically useful molecules are known in
the art which comprise antigen-binding sites that are capable
of exhibiting immunological binding properties of an anti-



US 9,127,268 B2

55

body molecule. The proteolytic enzyme papain preferentially
cleaves IgG molecules to yield several fragments, two of
which (the “F(ab)” fragments) each comprise a covalent het-
erodimer that includes an intact antigen-binding site. The
enzyme pepsin is able to cleave IgG molecules to provide
several fragments, including the “F(ab'),” fragment which
comprises both antigen-binding sites. An “Fv” fragment can
be produced by preferential proteolytic cleavage of an IgM,
and on rare occasions 1gG or IgA immunoglobulin molecule.
Fv fragments are, however, more commonly derived using
recombinant techniques known in the art. The Fv fragment
includes a non-covalent V::V; heterodimer including an
antigen-binding site which retains much of the antigen rec-
ognition and binding capabilities of the native antibody mol-
ecule. Inbar et al. (1972) Proc. Nat. Acad. Sci. USA 69:2659-
2662; Hochman et al. (1976) Biochem 15:2706-2710; and
Ehrlich et al. (1980) Biochem 19:4091-4096.

A single chain Fv (“sFv”) polypeptide is a covalently
linked V,;::V; heterodimer which is expressed from a gene
fusion including V- and V;-encoding genes linked by a
peptide-encoding linker. Huston et al. (1988) Proc. Nat.
Acad. Sci. USA 85(16):5879-5883. A number of methods
have been described to discern chemical structures for con-
verting the naturally aggregated—but chemically sepa-
rated—Ilight and heavy polypeptide chains from an antibody
V region into an sFv molecule which will fold into a three
dimensional structure substantially similar to the structure of
an antigen-binding site. See, e.g., U.S. Pat. Nos. 5,091,513
and 5,132,405, to Huston et al.; and U.S. Pat. No. 4,946,778,
to Ladner et al.

Each of the above-described molecules includes a heavy
chain and a light chain CDR set, respectively interposed
between a heavy chain and a light chain FR set which provide
support to the CDRs and define the spatial relationship of the
CDRs relative to each other. As used herein, the term “CDR
set” refers to the three hypervariable regions of a heavy or
light chain V region. Proceeding from the N-terminus of a
heavy or light chain, these regions are denoted as “CDRI1,”
“CDR2,” and “CDR3” respectively. An antigen-binding site,
therefore, includes six CDRs, comprising the CDR set from
each of a heavy and a light chain V region. A polypeptide
comprising a single CDR, (e.g., a CDR1, CDR2 or CDR3) is
referred to herein as a “molecular recognition unit.” Crystal-
lographic analysis of a number of antigen-antibody com-
plexes has demonstrated that the amino acid residues of
CDRs form extensive contact with bound antigen, wherein
the most extensive antigen contact is with the heavy chain
CDR3. Thus, the molecular recognition units are primarily
responsible for the specificity of an antigen-binding site.

Asused herein, the term “FR set” refers to the four flanking
amino acid sequences which frame the CDRs of a CDR set of
a heavy or light chain V region. Some FR residues may
contact bound antigen; however, FRs are primarily respon-
sible for folding the V region into the antigen-binding site,
particularly the FR residues directly adjacent to the CDRs.
Within FRs, certain amino residues and certain structural
features are very highly conserved. In this regard, all V region
sequences contain an internal disulfide loop of around 90
amino acid residues. When the V regions fold into a binding-
site, the CDRs are displayed as projecting loop motifs which
form an antigen-binding surface. It is generally recognized
that there are conserved structural regions of FRs which influ-
ence the folded shape of the CDR loops into certain “canoni-
cal” structures—regardless of the precise CDR amino acid
sequence. Further, certain FR residues are known to partici-
pate in non-covalent interdomain contacts which stabilize the
interaction of the antibody heavy and light chains.
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A number of “humanized” antibody molecules comprising
an antigen-binding site derived from a non-human immuno-
globulin have been described, including chimeric antibodies
having rodent V regions and their associated CDRs fused to
human constant domains (Winter et al. (1991) Nature 349:
293-299; Lobuglio et al. (1989) Proc. Nat. Acad. Sci. USA
86:4220-4224; Shaw et al. (1987) J. Immunol. 138:4534-
4538; and Brown et al. (1987) Cancer Res. 47:3577-3583),
rodent CDRs grafted into a human supporting FR prior to
fusion with an appropriate human antibody constant domain
(Riechmann et al. (1988) Nature 332:323-327; Verhoeyen et
al. (1988) Science 239:1534-1536; and Jones et al. (1986)
Nature 321:522-525), and rodent CDRs supported by recom-
binantly veneered rodent FRs (European Patent Publication
No. 519,596, published Dec. 23, 1992). These “humanized”
molecules are designed to minimize unwanted immunologi-
cal response toward rodent antihuman antibody molecules
which limits the duration and effectiveness of therapeutic
applications of those moieties in human recipients.

As used herein, the terms “veneered FRs” and “recombi-
nantly veneered FRs” refer to the selective replacement of FR
residues from, e.g., a rodent heavy or light chain V region,
with human FR residues in order to provide a xenogeneic
molecule comprising an antigen-binding site which retains
substantially all of the native FR polypeptide folding struc-
ture. Veneering techniques are based on the understanding
that the ligand binding characteristics of an antigen-binding
site are determined primarily by the structure and relative
disposition of the heavy and light chain CDR sets within the
antigen-binding surface. Davies et al. (1990) Ann. Rev. Bio-
chem. 59:439-473. Thus, antigen binding specificity can be
preserved in a humanized antibody only wherein the CDR
structures, their interaction with each other, and their inter-
action with the rest of the V region domains are carefully
maintained. By using veneering techniques, exterior (e.g.,
solvent-accessible) FR residues which are readily encoun-
tered by the immune system are selectively replaced with
human residues to provide a hybrid molecule that comprises
either a weakly immunogenic, or substantially non-immuno-
genic veneered surface.

In another embodiment of the invention, monoclonal anti-
bodies of the present invention may be coupled to one or more
agents of interest. For example, a therapeutic agent may be
coupled (e.g., covalently bonded) to a suitable monoclonal
antibody either directly or indirectly (e.g., via a linker group).
A directreaction between an agent and an antibody is possible
when each possesses a substituent capable of reacting with
the other. For example, a nucleophilic group, such as an
amino or sulthydryl group, on one may be capable of reacting
with a carbonyl-containing group, such as an anhydride or an
acid halide, or with an alkyl group containing a good leaving
group (e.g., a halide) on the other.

Alternatively, it may be desirable to couple a therapeutic
agent and an antibody via a linker group. A linker group can
function as a spacer to distance an antibody from an agent in
order to avoid interference with binding capabilities. A linker
group can also serve to increase the chemical reactivity of a
substituent on an agent or an antibody, and thus increase the
coupling efficiency. An increase in chemical reactivity may
also facilitate the use of agents, or functional groups on
agents, which otherwise would not be possible.

It will be evident to those skilled in the art that a variety of
bifunctional or polyfunctional reagents, both homo- and het-
ero-functional (such as those described in the catalog of the
Pierce Chemical Co., Rockford, Il1.), may be employed as the
linker group. Coupling may be effected, for example, through
amino groups, carboxyl groups, sulthydryl groups or oxi-
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dized carbohydrate residues. There are numerous references
describing such methodology, e.g., U.S. Pat. No. 4,671,958,
to Rodwell et al.

Where a therapeutic agent is more potent when free from
the antibody portion of the immunoconjugates of the present
invention, it may be desirable to use a linker group which is
cleavable during or upon internalization into a cell. A number
of different cleavable linker groups have been described. The
mechanisms for the intracellular release of an agent from
these linker groups include cleavage by reduction of a disul-
fide bond (e.g., U.S. Pat. No. 4,489,710, to Spitler), by irra-
diation ofa photolabile bond (e.g., U.S. Pat. No. 4,625,014, to
Senter et al.), by hydrolysis of derivatized amino acid side
chains (e.g., U.S. Pat. No. 4,638,045, to Kohn et al.), by serum
complement-mediated hydrolysis (e.g., U.S. Pat. No. 4,671,
958, to Rodwell et al.), and acid-catalyzed hydrolysis (e.g.,
U.S. Pat. No. 4,569,789, to Blattler et al.).

It may be desirable to couple more than one agent to an
antibody. In one embodiment, multiple molecules of an agent
are coupled to one antibody molecule. In another embodi-
ment, more than one type of agent may be coupled to one
antibody. Regardless of the particular embodiment, immuno-
conjugates with more than one agent may be prepared in a
variety of ways. For example, more than one agent may be
coupled directly to an antibody molecule, or linkers that pro-
vide multiple sites for attachment can be used.

Modulation of Inflammatory Responses and Methods of Use

Embodiments of the present invention relate to the discov-
ery that aminoacyl-tRNA synthetase (AARS) polypeptides,
and variants thereof, modulate inflammation in a variety of
useful ways, both in vitro and in vivo. For instance, in certain
embodiments, the AARS polypeptides of the present inven-
tion reduce an inflammatory response, such as by reducing
the migration or infiltration of immune cells into selected
tissues, increasing the production of anti-inflammatory
cytokines, or reducing the production of pro-inflammatory
cytokines, among other mechanisms. In certain embodi-
ments, the AARS polypeptides of the present invention
increase or stimulate an inflammatory response, such as by
increasing the migration or infiltration of immune cells into
selected tissues, increasing the production pro-inflammatory
cytokines, or reducing the production of anti-inflammatory
cytokines, among other mechanisms.

“Inflammation” refers generally to the biological response
of tissues to harmful stimuli, such as pathogens, damaged
cells (e.g., wounds), and irritants. The term “inflammatory
response” refers to the specific mechanisms by which inflam-
mation is achieved and regulated, including, merely by way of
illustration, immune cell activation or migration, cytokine
production, vasodilation, including kinin release, fibrinoly-
sis, and coagulation, among others described herein and
known in the art. Ideally, inflammation is a protective attempt
by the body to both remove the injurious stimuli and initiate
the healing process for the affected tissue or tissues. In the
absence of inflammation, wounds and infections would never
heal, creating a situation in which progressive destruction of
the tissue would threaten survival. On the other hand, exces-
sive or chronic inflammation may associate with a variety of
diseases, such as hay fever, atherosclerosis, and rheumatoid
arthritis, among others described herein and known in the art.

AARS polypeptides of the invention may modulate acute
inflammation, chronic inflammation, or both. Certain
embodiments relate to increasing acute inflammation or acute
inflammatory responses, and certain embodiments relate to
increasing chronic inflammation or chronic inflammatory
responses. Depending on the needs of the subject, certain
embodiments relate to reducing acute inflammation or
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inflammatory responses, and certain embodiments relate to
reducing chronic inflammation or chronic inflammatory
responses.

Acute inflammation relates to the initial response of the
body to presumably harmful stimuli and involves increased
movement of plasma and leukocytes from the blood into the
injured tissues. It is a short-term process, typically beginning
within minutes or hours and ending upon the removal of the
injurious stimulus. Acute inflammation may be characterized
by any one or more of redness, increased heat, swelling, pain,
and loss of function. Redness and heat are due mainly to
increased blood flow at body core temperature to the inflamed
site, swelling is caused by accumulation of fluid, pain is
typically due to release of chemicals that stimulate nerve
endings, and loss of function has multiple causes.

Acute inflammatory responses are initiated mainly by local
immune cells, such as resident macrophages, dendritic cells,
histiocytes, Kuppfer cells and mastocytes. At the onset of an
infection, burn, or other injuries, these cells undergo activa-
tion and release inflammatory mediators responsible for the
clinical signs of inflammation, such as vasoactive amines and
eicosanoids. Vasodilation and its resulting increased blood
flow cause the redness and increased heat. Increased perme-
ability of the blood vessels results in an exudation or leakage
of plasma proteins and fluid into the tissue, which creates
swelling. Certain released mediators such as bradykinin
increase sensitivity to pain, and alter the blood vessels to
permit the migration or extravasation of leukocytes, such as
neutrophils, which typically migrate along a chemotactic gra-
dient created by the local immune cells.

Acute inflammatory responses also includes one or more
acellular biochemical cascade systems, consisting of pre-
formed plasma proteins modulate, which act in parallel to
initiate and propagate the inflammatory response. These sys-
tems include the complement system, which is mainly acti-
vated by bacteria, and the coagulation and fibrinolysis sys-
tems, which are mainly activated by necrosis, such as the type
oftissue damage that is caused by certain infections, burns, or
other trauma. Hence, AARS polypeptides may be used to
modulate acute inflammation, or any of one or more of the
individual acute inflammatory responses.

Chronic inflammation, a prolonged and delayed inflamma-
tory response, is characterized by a progressive shift in the
type of cells that are present at the site of inflammation, and
often leads to simultaneous or near simultaneous destruction
and healing of the tissue from the inflammatory process. At
the cellular level, chronic inflammatory responses involve a
variety of immune cells such as monocytes, macrophages,
lymphocytes, plasma cells, and fibroblasts, though in contrast
to acute inflammation, which is mediated mainly by granu-
locytes, chronic inflammation is mainly mediated by mono-
nuclear cells such as monocytes and lymphocytes. Chronic
inflammation also involves a variety of inflammatory media-
tors, such as IFN-y and other cytokines, growth factors, reac-
tive oxygen species, and hydrolytic enzymes. Chronic
inflammation may last for many months or years, and may
result in undesired tissue destruction and fibrosis.

Clinical signs of chronic inflammation are dependent upon
duration of the illness, inflammatory lesions, cause and ana-
tomical area affected. (see, e.g., Kumar et al., Robbins Basic
Pathology-8th Ed. 2009 Elsevier, London; Miller, L. M,
Pathology Lecture Notes, Atlantic Veterinary College, Char-
lottetown, PEL, Canada). Chronic inflammation is associated
with a variety of pathological conditions or diseases, includ-
ing, for example, allergies, Alzheimer’s disease, anemia, aor-
tic valve stenosis, arthritis such as rheumatoid arthritis and
osteoarthritis, cancer, congestive heart failure, fibromyalgia,



US 9,127,268 B2

59

fibrosis, heart attack, kidney failure, lupus, pancreatitis,
stroke, surgical complications, inflammatory lung disease,
inflammatory bowel disease, atherosclerosis, and psoriasis,
among others described herein and known in the art. Hence,
AARS polypeptides may be used to treat or manage chronic
inflammation, modulate any of one or more of the individual
chronic inflammatory responses, or treat any one or more
diseases or conditions associated with chronic inflammation.

AARS polypeptides may also modulate proliferative
inflammation, an inflammatory process characterized by an
increase in the number of tissue cells. These can encompass
skin conditions such as psoriasis, seborrhea or eczema, or can
also be thought of in terms of cancers and abnormal growths
especially in light of accumulating evidence based on more
efficient molecular methods to document even low grade
chronic inflammation.

In certain embodiments, AARS polypeptides may modu-
late inflammatory responses at the cellular level, such as by
modulating the activation, inflammatory molecule secretion
(e.g., cytokine or kinin secretion), proliferation, activity,
migration, or adhesion of various cells involved in inflamma-
tion. Examples of such cells include immune cells and vas-
cular cells. Immune cells include, for example, granulocytes
such as neutrophils, eosinophils and basophils, macrophages/
monocytes, lymphocytes such as B-cells, killer T-cells (i.e.,
CD8+ T-cells), helper T-cells (i.e., CD4+ T-cells, including
T,1 and T,2 cells), natural killer cells, yd T-cells, dendritic
cells, and mast cells. Examples of vascular cells include
smooth muscle cells, endothelial cells, and fibroblasts. Also
included are methods of modulating an inflammatory condi-
tion associated with one or more immune cells or vascular
cells, including neutrophil-mediated, macrophage-mediated,
and lymphocyte-mediated inflammatory conditions.

In certain embodiments, AARS polypeptides may modu-
late the levels or activity of inflammatory molecules, includ-
ing plasma-derived inflammatory molecules and cell-derived
inflammatory molecules. Included are pro-inflammatory
molecules and anti-inflammatory molecules. Examples of
plasma-derived inflammatory molecules include, without
limitation, proteins or molecules of any one or more of the
complement system, kinin system, coagulation system, and
the fibrinolysis system. Examples of members of the comple-
ment system include C1, which exists in blood serum as a
molecular complex containing about 6 molecules of Clq, 2
molecules of Clr, and 2 molecules of Cls, C2 (aand b), C3 (a
and B), C4 (a and b), C5, and the membrane attack complex
of C5a, C5b, C6, C7, C8, and C9. Examples of the kinin
system include bradykinin, kallidin, kallidreins, carboxypep-
tidases, angiotensin-converting enzyme, and neutral
endopeptidase.

Examples of cell-derived inflammatory molecules include,
without limitation, enzymes contained within lysosome gran-
ules, vasoactive amines, eicosanoids, cytokines, acute-phase
proteins, and soluble gases such as nitric oxide. Vasoactive
amines contain at least one amino group, and target blood
vessels to alter their permeability or cause vasodilation.
Examples of vasoactive amines include histamine and sero-
tonin. Eicosanoids refer to signaling molecules made by oxi-
dation of twenty-carbon essential fatty acids, and include
prostaglandins, prostacyclins, thromboxanes, and leukot-
rienes.

Cytokines refer to a variety of substances that are secreted
by immune cells, and include polypeptides and glycopro-
teins. Typically, cytokines are categorized as either autocrine
cytokines, which act on the same type of cell from which the
cytokine is secreted, or paracrine cytokines, which are
restricted to acting on a different cell type from which the
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cytokine is secreted. Examples of cytokines, examples of
their producing cells, examples of their target cells, and exem-
plary activities are included in Tables J and K below.

TABLE K
Cytokines
Selected Immune Cytokines and Their Activities
Cytokine  Producing Cell Target Cell Activity
GM-CSF  Thcells progenitor cells growth and
differentiation of
monocytes and DC
IL-1a monocytes Th cells co-stimulation
IL-1b macrophages B cells maturation and
B cells proliferation
DC NK cells activation
various inflammation, acute
phase
response, fever
IL-2 Thl cells activated T and growth,
B cells, proliferation,
NK cells activation
IL-3 Th cells stem cells growth and differentiation
NK cells mast cells growth and histamine
release
IL-4 Th2 cells activated B cells  proliferation and
differentiation
IgG, and IgE synthesis
macrophages MHC Class 1T
T cells proliferation
IL-5 Th2 cells activated B cells  proliferation and
differentiation
IgA synthesis
IL-6 monocytes activated B cells  differentiation into
macrophages plasma cells
Th2 cells plasma cells antibody secretion
stromal cells stem cells differentiation
various acute phase response
IL-7 marrow stroma  stem cells differentiation into
thymus stroma progenitor B
and T cells
IL-8 macrophages  neutrophils chemotaxis
endothelial cells
IL-10 Th2 cells macrophages cytokine production
B cells activation
IL-12 macrophages  activated Tc cells differentiation into CTL
B cells (with IL-2)
NK cells activation
IFN-a leukocytes various viral replication
MHC I expression
IFN-p fibroblasts various viral replication
MHC I expression
IFN- Thl cells, various Viral replication
gamma Te cells, macrophages MHC expression
NK cells activated B cells  Ig class switch to IgG,,
Th2 cells proliferation
macrophages pathogen elimination
MIP- 1. macrophages  monocytes, T cells chemotaxis
MIP-1p lymphocytes monocytes, T cells chemotaxis
TGF-p T cells, monocytes, chemotaxis
momnocytes macrophages
activated IL-1 synthesis
macrophages
activated B cells  IgA synthesis
various proliferation
TNF-a macrophages, macrophages CAM and cytokine
mast cells, expression
NK cells tumor cells cell death
TNF-p Thl and Tc phagocytes phagocytosis,
cells NO production
tumor cells cell death
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TABLEL
Cytokine;

Old Name New Name
ENA-78 CXCL5
GROa CXCL1
GROP CXCL2
GROy CXCL3
PF4 CXCL4
IP-10 CXCL10
Mig CXCL9
I-TAC CXCL11
SDF-1a/p CXCL12
BCA-1 CXCL13

CXCL16
BRAK CXCL14
MCP-1 CCL2
MCP-4 CCL13
MCP-3 CCL7
MCP-2 CCL8
MIP-1p CCL4
MIP-1aS CCL3
MIP-1aP CCL3LI
RANTES CCLS5
MPIF-1 CCL23
HCC-1 CCL14
HCC-2 CCL15
HCC-4 CCL16
Eotaxin CCL11
Eotaxin-2 CCL24
Eotaxin-3 CCL26
TARC CCL17
MDC CCL22
MIP-3a CCL20
ELC CCL19
SLC CCL21
1-309 CCL1
TECK CCL25
CTACK CCL27
MEC CCL28
PARC CCL18
Lymphotactin XCL1
SCM-1p XCL2
Fractalkine CX3CL1

In certain embodiments, AARS polypeptides increase the
levels of any one or more of TNF-c,, MIP-1b, 1L-12 (p40),
KC, MIP-2, or IL-10. In certain embodiments, AARS
polypeptides increase the secretion of at least one of TNF-a
and IL-10 by peripheral blood mononuclear cells (PBMCs),
including monocytes, lymphocytes, or both. In certain
embodiments, AARS polypeptides increase the secretion of
IL-2 by lymphocytes such as activated T-cells. In certain
embodiments, AARS polypeptides reduce TNF-a secretion
by immune cells such as PBMCs, and in certain embodiments
reduce lipopolysaccharide-induced TNF-a secretion by these
and other cells. In certain embodiments, AARS polypeptides
reduce IL-12 secretion by immune cells such as PBMCs, and
in certain embodiments reduce lipopolysaccharide induced
1L-12 secretion by these and other cells.

Each cytokine typically has a corresponding cytokine
receptor. Examples of classes of cytokine receptors include,
without limitation, receptors from the immunoglobulin (Ig)
superfamily, such as the IL-1 receptor types, which share
structural homology with immunoglobulins (antibodies), cell
adhesion molecules, and even some cytokines, and receptors
from the hematopoietic growth factor family, such as the IL.-2
receptor family and the receptors for GM-CSF, IL-3, and
1L-5, receptors from the interferon (type 2) family, including
receptors for IFN f and y. Additional examples include recep-
tors from the tumor necrosis factors (TNF) (type 3) family,
which share a cysteine-rich common extracellular binding
domain and interact with several other non-cytokine ligands
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such as CD40, CD27 and CD30, receptors from the seven
transmembrane helix family, including G-protein coupled
receptors, and chemokine receptors such as CXCR4 and
CCRS, as well as receptors for IL.-8, MIP-1 and RANTES.
Hence, in certain embodiments, AARS polypeptides may
modulate the levels or activity of one or more selected cytok-
ines, such as those in Tables J and K, the levels or activity of
one or more selected cytokine receptors, the interaction
between cytokines and their receptors, or any combination
thereof.

AARS polypeptides may also modulate levels or activity of
acute-phase proteins. Examples of acute-phase proteins
include C-reactive protein, serum amyloid A, serum amyloid
P, and vasopressin. In certain instances, expression of acute-
phase proteins can cause a range of undesired systemic effects
including amyloidosis, fever, increased blood pressure,
decreased sweating, malaise, loss of appetite, and somno-
lence. Accordingly, AARS polypeptides may modulate the
levels or activity of acute-phase proteins, their systemic
effects, or both.

In certain embodiments, AARS polypeptides modulate
local inflammation, systemic inflammation, or both. In cer-
tain embodiments, AARS polypeptide may reduce or main-
tain (i.e., prevent further increases) local inflammation or
local inflammatory responses. In certain embodiments,
depending on the needs of the subject, AARS polypeptides
may increase local inflammation or local inflammatory
responses. In certain embodiments, AARS polypeptides may
reduce or maintain (i.e., prevent further increases) systemic
inflammation or systemic inflammatory responses. In certain
embodiments, depending on the needs of the subject, AARS
polypeptides may increase systemic inflammation or sys-
temic inflammatory responses.

In certain embodiments, the modulation of inflammation
or inflammatory responses can be associated with one or
more tissues or organs. Non-limiting examples of such tissues
or organs include skin (e.g., dermis, epidermis, subcutaneous
layer), hair follicles, nervous system (e.g., brain, spinal cord,
peripheral nerves), auditory system or balance organs (e.g.,
inner ear, middle ear, outer ear), respiratory system (e.g.,
nose, trachea, lungs), gastroesophogeal tissues, the gas-
trointestinal system (e.g., mouth, esophagus, stomach, small
intestines, large intestines, rectum), vascular system (e.g.,
heart, blood vessels and arteries), liver, gallbladder, lym-
phatic/immune system (e.g., lymph nodes, lymphoid fol-
licles, spleen, thymus, bone marrow), uro-genital system
(e.g., kidneys, ureter, bladder, urethra, cervix, Fallopian
tubes, ovaries, uterus, vulva, prostate, bulbourethral glands,
epidiymis, prostate, seminal vesicles, testicles), musculosk-
eletal system (e.g., skeletal muscles, smooth muscles, bone,
cartilage, tendons, ligaments), adipose tissue, mammaries,
and the endocrine system (e.g., hypothalamus, pituitary, thy-
roid, pancreas, adrenal glands). Accordingly, AARS polypep-
tides may be used to modulate inflammation associated with
any of these tissues or organs, such as to treat conditions or
diseases that are associated with the inflammation of these
tissues or organs.

As noted above, certain embodiments may employ AARS
polypeptides to reduce or manage (i.e., prevent further
increases) inflammation or inflammatory responses associ-
ated with particular tissues or organs. Included are inflamma-
tory responses and conditions associated with the skin,
including inflammation, infections, and cancers associated
with the dermal, epidermal, and subcutaneous layers of the
skin. Examples of skin-associated inflammatory conditions
include, without limitation, dermatitis, such as psoriasis, irri-
tant dermatitis, seborrheic dermatitis, atopic dermatitis (ec-



US 9,127,268 B2

63

zema), allergic contact dermatitis, thermal-induced dermati-
tis, drug-induced dermatitis, dyshidrotic dermatitis, urticaria,
autoimmune dermatitis, skin cancer such as melanoma, and
bullous dermatitis. Also included are bacterial, viral and para-
sitic infections, erythema multiforme, erythema nodosum,
granuloma annulare, poison oak/poison ivy, and toxic epider-
mal necrolysis.

Certain embodiments relate to reducing inflammatory
responses and conditions associated with the nervous system,
including inflammation, infections, and cancer associated
with the brain and spinal cord of the central nervous system,
the peripheral nervous system, and the meninges. Expression
of inflammatory mediators including complement, adhesion
molecules, cyclooxygenase enzymes and their products and
cytokines is increased in experimental and clinical neurode-
generative disease, and intervention studies in experimental
animals suggest that several of these factors contribute
directly to neuronal injury. For instance, specific cytokines,
such as interleukin-1 (IL-1), have been implicated heavily in
acute neurodegeneration, such as stroke and head injury.

Examples of nervous system associated inflammatory con-
ditions include, without limitation, meningitis (i.e., inflam-
mation of the protective membranes covering the brain and
spinal cord), myelitis, encaphaloymyelitis (e.g., myalgic
encephalomyelitis, acute disseminated encephalomyelitis,
encephalomyelitis disseminata or multiple sclerosis, autoim-
mune encephalomyelitis), arachnoiditis (i.e., inflammation of
the arachnoid, one of the membranes that surround and pro-
tect the nerves of the central nervous system), granuloma,
drug-induced inflammation or meningitis, neurodegenerative
diseases such as Alzheimer’s disease, stroke, HIV-dementia,
encephalitis such viral encephalitis and bacterial encephali-
tis, parasitic infections, inflammatory demyeleniating disor-
ders, and auto-immune disorders such as CD8+ T Cell-me-
diated autoimmune diseases of the CNS. Additional examples
include Parkinson’s disease, myasthenia gravis, motor neur-
opathy, Guillain-Barre syndrome, autoimmune neuropathy,
Lambert-Eaton myasthenic syndrome, paraneoplastic neuro-
logical disease, paraneoplastic cerebellar atrophy, non-para-
neoplastic stiff man syndrome, progressive cerebellar atro-
phy, Rasmussen’s encephalitis, amyotrophic lateral sclerosis,
Sydeham chorea, Gilles de la Tourette syndrome, autoim-
mune polyendocrinopathy, dysimmune neuropathy, acquired
neuromyotonia, arthrogryposis multiplex, optic neuritis, and
stiff-man syndrome.

As noted above, also included is inflammation associated
with infections of the nervous system. Specific examples of
bacterial infections associated with inflammation of the ner-
vous system include, without limitation, streptococcal infec-
tion such as group B streptococci (e.g., subtypes III) and
Streptococcus pneumoniae (e.g., serotypes 6, 9, 14, 18 and
23), Escherichia coli (e.g., carrying K1 antigen), Listeria
monocytogenes (e.g., serotype IVb), neisserial infection such
as Neisseria meningitidis (meningococcus), staphylococcal
infection, heamophilus infection such as Haemophilus influ-
enzae type B, Klebsiella, and Mycobacterium tuberculosis.
Also included are infections by staphylococci and pseudomo-
nas and other Gram-negative bacilli, mainly with respect to
trauma to the skull, which gives bacteria in the nasal cavity the
potential to enter the meningeal space, or in persons with
cerebral shunt or related device (e.g., extraventricular drain,
Ommaya reservoir). Specific examples of viral infections
associated with inflammation of the nervous system include,
without limitation, enteroviruses, herpes simplex virus type 1
and 2, human T-lymphotrophic virus, varicella zoster virus
(chickenpox and shingles), mumps virus, human immunode-
ficiency virus (HIV), and lymphocytic choriomeningitis virus
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(LCMYV). Meningitis may also result from infection by spi-
rochetes such as Treponema pallidum (syphilis) and Borrelia
burgdorferi (Lyme disease), parasites such as malaria (e.g.,
cerebral malaria), fungi such as Cryptococcus neoformans,
and ameoba such as Naegleria fowleri.

Meningitis or other forms of nervous system inflammation
may also associate with the spread of cancer to the meninges
(malignant meningitis), certain drugs such as non-steroidal
anti-inflammatory drugs, antibiotics and intravenous immu-
noglobulins, sarcoidosis (or neurosarcoidosis), connective
tissue disorders such as systemic lupus erythematosus, and
certain forms of vasculitis (inflammatory conditions of the
blood vessel wall) such as Behget’s disease. Epidermoid cysts
and dermoid cysts may cause meningitis by releasing irritant
matter into the subarachnoid space. Accordingly, AARS
polypeptides may be used to treat or manage any one or more
of these conditions.

Certain embodiments relate to reducing inflammatory
responses and conditions associated with the auditory system
or balance organs, such as the inner ear, middle ear, and the
outer ear. Examples of auditory system or balance organ
associated inflammatory conditions include, without limita-
tion, outer ear inflammation (e.g., ear infections), middle ear
inflammation, which may lead to fluid build-up in the nor-
mally air-filled space and associated conductive hearing loss,
labyrinthitis, an inner ear infection or inflammation causing
both dizziness (vertigo) and hearing loss, vestibular neuroni-
tis, an infection of the vestibular nerve, generally viral, caus-
ing vertigo, and cochlear neuronitis, an infection of the
cochlear nerve, generally viral, causing sudden deafness but
no vertigo. Recipients of cochlear implants for hearing loss
are at an increased risk of pneumococcal meningitis and its
associated inflammation.

Certain embodiments relate to reducing inflammatory
responses and conditions associated with the respiratory sys-
tem, including inflammation, infections, and cancer associ-
ated with the nose, trachea, and lungs. Examples of respira-
tory system associated inflammatory conditions include,
without limitation, atopic asthma, non-atopic asthma, allergic
asthma, atopic bronchial IgE-mediated asthma, bronchial
asthma, essential asthma, true asthma, intrinsic asthma
caused by pathophysiologic disturbances, extrinsic asthma
caused by environmental factors, essential asthma of
unknown or inapparent cause, non-atopic asthma, bronchitic
asthma, emphysematous asthma, exercise-induced asthma,
allergen induced asthma, cold air induced asthma, occupa-
tional asthma, infective asthma caused by bacterial, fungal,
protozoal, or viral infection, non-allergic asthma, incipient
asthma, wheezy infant syndrome and bronchiolytis, chronic
or acute bronchoconstriction, chronic bronchitis, small air-
ways obstruction, and emphysema. Further examples include
obstructive or inflammatory airways diseases such as chronic
eosinophilic pneumonia, chronic obstructive pulmonary dis-
ease (COPD), COPD that includes chronic bronchitis, pul-
monary emphysema or dyspnea associated or not associated
with COPD, COPD that is characterized by irreversible, pro-
gressive airways obstruction, and adult respiratory distress
syndrome (ARDS).

Further examples of conditions associated with pulmonary
inflammation include conditions related to exacerbation of
airways hyper-reactivity consequent to other drug therapy,
airways disease that is associated with pulmonary hyperten-
sion, bronchitis such as acute bronchitis, acute laryngotra-
cheal bronchitis, arachidic bronchitis, catarrhal bronchitis,
croupus bronchitis, dry bronchitis, infectious asthmatic bron-
chitis, productive bronchitis, staphylococcus or streptococcal
bronchitis and vesicular bronchitis, acute lung injury, and
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bronchiectasis such as cylindric bronchiectasis, sacculated
bronchiectasis, fusiform bronchiectasis, capillary bron-
chiectasis, cystic bronchiectasis, dry bronchiectasis and fol-
licular bronchiectasis.

COPD in particular refers to a group of lung diseases that
block airflow and make it increasingly difficult for affected
individuals to breathe normally. Emphysema and chronic
bronchitis are the two main conditions within the group of
COPD diseases, but COPD can also refer to damage caused
by chronic asthmatic bronchitis, among other conditions
known in the art. In most cases, damage to the airways even-
tually interferes with the exchange of oxygen and carbon
dioxide in the lungs. Standard treatments focus mainly on
controlling symptoms and minimizing further damage.

Emphysema represents one aspect of COPD. Emphysema
leads to inflammation within the fragile walls of the alveoli,
which may destroy some of the walls and elastic fibers, allow-
ing small airways to collapse upon exhaling, and impairing
airflow out of the lungs. Signs and symptoms of emphysema
include, for instance, shortness of breath, especially during
physical activities, wheezing, and chest tightness.

Chronic bronchitis represents another aspect of COPD.
Chronic bronchitis is characterized by an ongoing cough, and
leads to inflammation and narrowing of the bronchial tubes.
This condition also causes increased mucus production,
which can further block the narrowed tubes. Chronic bron-
chitis occurs mainly in smokers, and is typically defined as a
cough that lasts for at least three months a year for two
consecutive years. Signs and symptoms of chronic bronchitis
include, for example, having to clear the throat first thing in
the morning, especially for smokers, a chronic cough that
produces yellowish sputum, shortness of breath in the later
stages, and frequent respiratory infections.

As noted above, COPD refers primarily to obstruction in
the lungs resulting from the two above-noted chronic lung
conditions. However, many individuals with COPD have both
of these conditions.

Chronic asthmatic bronchitis represents another aspect of
COPD. Chronic asthmatic bronchitis is usually characterized
as chronic bronchitis combined with asthma (bronchospasm).
Asthma may occur when inflamed and infected secretions
irritate the smooth muscles in the airways. Symptoms are
similar to those of chronic bronchitis, but also include inter-
mittent, or even daily, episodes of wheezing.

In certain embodiments, COPD is ultimately caused by
cigarette smoke and other irritants. In the vast majority of
cases, the lung damage that leads to COPD is caused by
long-term cigarette smoking. However, other irritants may
cause COPD, including cigar smoke, secondhand smoke,
pipe smoke, air pollution and certain occupational fumes.
Gastroesophageal reflux disease (GERD), which occurs
when stomach acids wash back up into the esophagus, can not
only aggravate COPD, but may even cause it in some indi-
viduals. In rare cases, COPD results from a genetic disorder
that causes low levels of a protein called alpha-1-antitrypsin.
Hence, risk factors for COPD include exposure to tobacco
smoke, occupational exposure to dusts and chemicals (long-
term exposure to chemical fumes, vapors and dusts irritates
and inflames the lungs), gastroesophageal reflux disease (a
severe form of acid reflux—the backflow of acid and other
stomach contents into the esophagus), age (COPD develops
slowly over years, so most people are at least 40 years old
when symptoms begin), and genetics (a rare genetic disorder
known as alpha-1-antitrypsin deficiency is the source of a few
cases of COPD).

In certain embodiments, COPD may also have an autoim-
mune component. For instance, lung and peripheral blood T
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cells in patients with severe emphysema secrete Thl cytok-
ines and chemokines when stimulated with elastin peptides in
vitro, and these patients have increased anti-elastin antibody
as compared to controls (see Goswami et al., The Journal of
Immunology. 178: 130.41, 2007). Also, IgG autoantibodies
with avidity for pulmonary epithelium, and the potential to
mediate cytotoxicity, are prevalent in patients with COPD
(see Feghali-Bostwick et al., Am J Respir Crit. Care Med.
177:156-63, 2008). Since autoreactive immune responses
may be important in the etiology of this disease, including, for
example, auto-reactive responses to self-antigens such as
elastin, may play a role in COPD, the use of AARS polypep-
tides to desensitize immune cells to these antigens may
reduce pulmonary inflammation.

As noted above, certain embodiments relate to the use of
AARS polypeptides to desensitize immune cells to selected
antigens, including self antigens and foreign antigens, irri-
tants, allergens, or infectious agents related to pulmonary
inflammation. By desensitizing these immune cells to a
selected antigen, AARS polypeptides may reduce the migra-
tion or recruitment of these cells to the lungs, and thereby
reduce inflammation. Examples of immune cells include
lymphocytes, monocytes, macrophages, dendritic cells, and
granulocytes, such as neutrophils, eosinophils, and basophils.
Examples of antigens include, without limitation, smoke such
as cigarette smoke, air pollution, fumes such as the fumes
from welding, dust, including silica dust and workplace dust
such as those found in coal mining and gold mining, chemi-
cals such as cadmium and isocyanates. Also included are
known allergens and infectious agents, such as bacterial and
viral or antigens, including lipopolysaccharide (LPS), which
may exacerbate COPD in sensitive individuals.

In addition to others described herein, examples of self-
antigens include, without limitation, receptor ligands,
chemoattractants, and signaling molecules. In certain
embodiments, the response to the antigen or self-antigen
signals via a CXCR-2 receptor. Without wishing to be bound
by any one theory, certain AARS polypeptides may bind their
putative receptor on the surface of neutrophils, such as the
CXCR2 receptor, which then results in the desensitization of
the receptor (i.e., the receptor is internalized and no longer be
present at the cell surface). In these and similar instances,
there then exists a population of circulating neutrophils that
no longer respond to CXCR-2 ligands, such as IL.-8. Since
1L-8 is produced as a result of cigarette smoke in COPD, for
example, the densitization of certain neutrophils to CXCR-2
ligands such as IL-8 reduces their migration to the lung, and
thereby reduces the inflammation associated with COPD,
especially that caused by cigarette smoke.

Complications or associated symptoms of COPD may
include increased risk of respiratory infections, high blood
pressure, heart problems (e.g., heart attacks, arrhythmias, cor
pulmonale), lung cancer (smokers with chronic bronchitis are
at a higher risk of developing lung cancer than are smokers
who don’t have chronic bronchitis), pneumonia, pneumotho-
rax, and depression, among others known in the art. Further
examples include cough that produces mucus and may be
streaked with blood, fatigue, frequent respiratory infections,
headaches, shortness of breath (dyspnea) that worsens with
mild activity, swelling of the ankles, feet, or legs, which
affects both sides of the body, and wheezing. AARS polypep-
tides may be used to reduce or manage the complications or
symptoms associated with COPD or other pulmonary condi-
tions related to inflammation.

Subjects with COPD may be identified according to rou-
tine diagnostic techniques known in the art. For instance,
pulmonary function tests, such as spirometry, measure how
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much air the lungs can hold and how fast an individual can
blow the air out of their lungs. Spirometry can detect COPD
before the appearance of symptoms, and can also be used to
track disease progression and monitor treatment. In addition,
chest X-rays show emphysema, one of the main causes of
COPD, and may also rule out other lung problems or heart
failure. In addition, arterial blood gas analysis measures how
effectively the lungs bring oxygen into the blood and remove
carbon dioxide, providing an indication of COPD. Sputum
examination, i.e., the analysis of the cells in the sputum, can
identify the cause of certain lung problems and help rule out
certain lung cancers. Also, computerized tomography (CT)
scan produces highly-detailed images of the internal organs,
which can help detect emphysema, and, thus, COPD.

As elsewhere herein, the amount of AARS polypeptide
administered to a subject with COPD (or at risk for COPD)
will depend on the characteristics of that subject, such as
general health, age, sex, body weight, and tolerance to drugs,
as well as the degree, severity, and type of reaction to the
polypeptide. For instance, in desensitizing immune cells such
as circulating neutrophils, multiple administrations may be
utilized (1,2, 3,4, 5,6,7,8, 9, 10, etc), typically at a defined
frequency (number of administrations per day, per week, per
month, etc).

Also included are combination therapies. For instance, one
or more AARS polypeptides can be utilized in combination
with other treatments for pulmonary inflammation or COPD.
Examples of such treatments included, without limitation,
lifestyle changes, such as quitting or reducing smoking or
other exposure to lung irritants, lung rehabilitation, the use of
bronchodilators (e.g., ipratropium, tiotropium, salmeterol,
formoterol), steroids such as corticosteroids, antibiotics,
metered-dose inhalers (MDIs) and dry powder inhalers
(DPIs), nebulizers, replacement gene therapy for alpha-1-
antitrypsin deficiency, oxygen therapy, and surgery, including
bullectomy, lung volume reduction surgery, and lung trans-
plant.

Certain embodiments relate to reducing inflammatory
responses and conditions associated the gastrointestinal sys-
tem, including inflammation, infections, and cancer associ-
ated with the mouth, esophagus, stomach, small intestines,
large intestines, and rectum. “Gastrointestinal inflammation”
as used herein refers to inflammation of a mucosal layer of the
gastrointestinal tract, and encompasses acute and chronic
inflammatory conditions. Acute inflammation is generally
characterized by a short time of onset and infiltration or influx
of neutrophils. Chronic inflammation is generally character-
ized by a relatively longer period of onset and infiltration or
influx of mononuclear cells. Chronic inflammation can also
typically characterized by periods of spontaneous remission
and spontaneous occurrence. “Mucosal layer of the gas-
trointestinal tract” is meant to include mucosa of the bowel
(including the small intestine and large intestine), rectum,
stomach (gastric) lining, oral cavity, and the like.

“Chronic gastrointestinal inflammation” refers to inflam-
mation of the mucosal of the gastrointestinal tract that is
characterized by a relatively longer period of onset, is long-
lasting (e.g., from several days, weeks, months, or years and
up to the life of the subject), and is often associated with
infiltration or influx of mononuclear cells, and can be further
associated with periods of spontaneous remission and spon-
taneous occurrence. “Chronic gastrointestinal inflammatory
conditions” (also referred to as “chronic gastrointestinal
inflammatory diseases™) having such chronic inflammation
include, but are not limited to, inflammatory bowel disease
(IBD), colitis induced by environmental insults (e.g., gas-
trointestinal inflammation associated with a therapeutic regi-
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men, such as chemotherapy, radiation therapy, and the like),
colitis in conditions such as chronic granulomatous disease
(see, e.g., Schappi et al., Arch Dis Child. 84:147-151, 2001),
celiac disease, celiac sprue (i.e., a heritable disease in which
the intestinal lining is inflamed in response to the ingestion of
aprotein known as gluten), food allergies, gastritis, infectious
gastritis or enterocolitis (e.g., Helicobacter pylori-infected
chronic active gastritis) and other forms of gastrointestinal
inflammation caused by an infectious agent, and other like
conditions.

As used herein, “inflammatory bowel disease” or “IBD”
refers to any of a variety of diseases characterized by inflam-
mation of all or part of the intestines. Examples of inflamma-
tory bowel disease include, but are not limited to, Crohn’s
disease and ulcerative colitis. The term IBD includes
pseudomembranous colitis, hemorrhagic colitis, hemolytic-
uremic syndrome colitis, collagenous colitis, ischemic coli-
tis, radiation colitis, drug and chemically induced colitis,
diversion colitis, ulcerative colitis, irritable bowel syndrome,
irritable colon syndrome and Crohn’s disease; and within
Crohn’s disease all the subtypes including active, refractory,
and fistulizing and Crohn’s disease. Hence, AARS polypep-
tides may be employed to treat or manage any one or more of
these conditions.

Certain embodiments relate to reducing inflammatory
responses and conditions associated with the vascular system,
or vascular inflammation, such as inflammation associated
with the blood vessels and the heart. Examples of vascular
system associated inflammatory conditions include, without
limitation, myocarditis, pericarditis, occlusive disease, ath-
erosclerosis, myocardial infarction, thrombosis, Wegener’s
granulomatosis, Takayasu’s arteritis, Kawasaki syndrome,
anti-factor VIII autoimmune disease, necrotizing small vessel
vasculitis, microscopic polyangiitis, Churg and Strauss syn-
drome, pauci-immune focal necrotizing glomerulonephritis,
crescentic glomerulonephritis, antiphospholipid syndrome,
antibody induced heart failure, thrombocytopenic purpura,
autoimmune hemolytic anemia, cardiac autoimmunity in
Chagas’ disease, and anti-helper T lymphocyte autoimmu-
nity. Also included are endocarditis, or infection of the heart
valves with spread of small clusters of bacteria through the
bloodstream, phlebitis or vasculitis, inflammation of one or
more veins, and thrombophlebitis, vein inflammation related
to a thrombus. Thrombophlebitis may occur repeatedly in
different locations, and is then referred to as thrombophlebitis
migrans, or migrating thrombophlebitis. Phlebitis may asso-
ciate with a variety of causes, such as bacterial infection,
exposure to chemical agents, such as irritating or vesicant
solutions, physical trauma from skin puncture such as move-
ment of a cannula into the vein during insertion, medications
such as Celebrex, Olanzepine, antidepressants, and others,
and alcohol abuse. Certain embodiments may relate to treat-
ing or managing heart inflammation caused by any one or
more of acute rheumatic fever, congenital toxoplasmosis,
enterovirus antenatal infection, lyme disease, and rheumatic
fever.

Certain embodiments relate to reducing inflammatory
responses and conditions associated with the liver or gallblad-
der, including acute and chronic liver inflammation, and acute
and chronic cholecystis. Examples of liver or gallbladder
associated inflammatory conditions include, without limita-
tion, auto-immune hepatitis, viral hepatitis (e.g., Hepatitis A
virus, Hepatitis B virus, Hepatitis C virus, Hepatitis D virus,
Hepatitis E virus, mononucleosis, rubella, Epstein-Barr
virus, and cytomegalovirus), other causes of hepatitis such as
severe bacterial infection, ameobic infections, medicines
(e.g., agomelatine, allopurinol, amitryptyline, amiodarone,
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asathioprine, paracetamol, halothane, ibuprofen, indometha-
cin, isoniazid, rifampicin, pyrazinamide, ketoconazole, lora-
tadine, methotrexate, methyldopa, minocycline, nifedipine,
nitrofurantoin, phenyloin, valproic acid, troglitazone,
zidovudine), toxins (e.g., alcohol, fungal toxins), and meta-
bolic disorders (e.g., Wilson’s disease, a disorder of the
body’s copper metabolism, haemochromatosis, disorder of
the body’s iron metabolism, non-alcoholic steatohepatitis,
alpha 1-antitrypsin deficiency). Additional examples include
non-alcoholic fatty liver disease, cirrhosis such as primary
biliary cirrhosis, obstructive jaundice, ischemic hepatitis, and
gall bladder disease.

Certain embodiments relate to reducing inflammatory
responses and conditions associated with the lymphatic/im-
mune system. Examples of lymphatic/immune system asso-
ciated inflammatory conditions include, without limitation,
auto-immune diseases, such as Chagas disease, chronic
obstructive pulmonary disorder (COPD), Crohn’s disease,
dermatomyositis, diabetes mellitus type I, endometriosis,
Goodpasture’s syndrome, Graves’ disease, Guillain-Barre
syndrome, Hachimoto’s disease, hidradenitis suppurativa,
Kawasaki disease, IgA nephropathy, idiopathic thrombocy-
topenia purpura, interstitial cystitis, lupus erythematosus,
mixed connective tissue disease, morphea, myasthenia
gravis, narcolepsy, neuromyotonia, pemphigus vulgaris, per-
nicous anemia, psoriasis, psoriatic arthritis, poliomyositis,
primary biliary cirrhosis, rheumatoid arthritis, schizophrenia,
scleroderma, Sjogren’s syndrome, stiff person syndrome,
temporal arteritis, ulcerative colitis, vitiligo, and Wegener’s
granulomatosis, in addition to autoimmune hemolytic ane-
mia, and various lymphadenopathies.

Also included are immune-related inflammatory condi-
tions associated with the transplantation of a graft, tissue, cell
or organ, such as graft rejection, chronic graft rejection, sub-
acute graft rejection, hyperacute graft rejection, acute graft
rejection, and graft versus host disease. In certain embodi-
ments, AARS polypeptides can be administered to a trans-
plant donor before or during tissue removal. In certain
embodiments, AARS polypeptides can be administered to a
transplant recipient before, during, and/or after transplant
therapy to reduce inflammation-related complications of
transplant therapy. Examples of transplant therapies include
bone marrow, stem cell, peripheral blood, liver, lung, heart,
skin, and kidney, among others known in the art. Additional
examples include inflammatory conditions associated with
allergies, such as asthma, hives, urticaria, pollen allergy, dust
mite allergy, venom allergy, cosmetics allergy, latex allergy,
chemical allergy, drug allergy, insect bite allergy, animal dan-
der allergy, stinging plant allergy, poison ivy allergy and food
allergy.

Certain embodiments relate to reducing inflammatory
responses and conditions associated with the uro-genital sys-
tem. Examples of uro-genital system associated inflamma-
tory conditions include, without limitation, inflammations,
infections or cancers of the ureter, bladder, urethra, cervix,
Fallopian tubes, ovaries, uterus, womb, vulva, prostate, bul-
bourethral glands, epidiymis, prostate, seminal vesicles, tes-
ticles, or kidneys. Also included are auto-immune interstitial
nephritis, renal abscess (intrarenal or extrarenal), acute pros-
tatitis, hematuria, urethritis (e.g., Chlamydia and other sexu-
ally transmitted diseases), pelvic inflammatory disease (PID),
and prostatic abscess. Also included is nephritis associated
with one or more of glomerulonephritis, lupus nephritis,
nephropathy, gout, poisons or chemicals (e.g., ether, thallium
sulfate), certain medications (e.g., piroxicam, candyl, feldene
gel, fensaid, pirox), Herrmann syndrome, yellow fever,
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immune complex diseases, typhoid fever, urethral stricture,
renal tuberculosism, and post-streptococcal glomerulone-
phritis.

Certain embodiments relate to reducing inflammatory
responses and conditions associated with the musculoskeletal
system. Examples of musculoskeletal system associated
inflammatory conditions include, without limitation, arthritis
such as rheumatoid arthritis and psoriatic arthritis, ankylosing
spondylitis, auto-immune myositis, primary Sjogren’s syn-
drome, smooth muscle auto-immune disease, myositis, poly-
myositis, tendinitis, ligament inflammation, cartilage inflam-
mation, joint inflammation, synovial inflammation, carpal
tunnel syndrome, chronic muscle inflammation, and bone
inflammation, including bone inflammation associated with
osteoporosis and osteoarthritis. Also included are Tietze’s
syndrome, a benign, painful, nonsuppurative localized swell-
ing of the costosternal, sternoclavicular, or costochondral
joints, costochondritis, sternalis syndrome, xiphoidalgia,
spontaneous sternoclavicular subluxation, sternocostoclav-
icular hyperostosis, fibromyalgia, shoulder tendinitis or bur-
sitis, gouty arthritis, polymyalgia rheumatica, lupus erythe-
matosus, bone spurs, and fractures such as stress fractures.

Certain embodiments relate to reducing inflammatory
responses and conditions associated with the endocrine sys-
tem. Examples of endocrine system associated inflammatory
conditions include, without limitation, inflammation, infec-
tion, or cancer associated with the hypothalamus, pituitary,
thyroid, pancreas, or adrenal glands, glandular diseases such
as pancreatic disease, diabetes such as Type I diabetes, thy-
roid disease, Graves’ disease, thyroiditis, spontaneous
autoimmune thyroiditis, Hashimoto’s thyroiditis, idiopathic
myxedema, ovarian autoimmunity, autoimmune anti-sperm
infertility, autoimmune prostatitis and Type I autoimmune
polyglandular syndrome.

Certain embodiments relate to reducing inflammatory
responses and conditions associated with adipose tissues, an
active participant in regulating physiologic and pathologic
processes, including immunity and inflammation. Macroph-
ages are components of adipose tissue and actively participate
in its activities. Furthermore, cross-talk between lympho-
cytes and adipocytes can lead to immune regulation. Adipose
tissue produces and releases a variety of pro-inflammatory
and anti-inflammatory factors, including the adipokines lep-
tin, adiponectin, resistin, and visfatin, as well as cytokines
and chemokines, such as TNF-alpha, IL-6, monocyte
chemoattractant protein 1, and others. Proinflammatory mol-
ecules produced by adipose tissue have been implicated as
active participants in the development of insulin resistance
and the increased risk of cardiovascular disease associated
with obesity. In contrast, reduced leptin levels may predis-
pose to increased susceptibility to infection caused by
reduced T-cell responses in malnourished individuals.
Altered adipokine levels have been observed in a variety of
inflammatory conditions (see, e.g., Fantuzzi, J Allergy Clin
Immunol. 115:911-19, 2005; and Berg et al., Circulation
Research. 96:939, 2005).

AARS polypeptides may also be employed to treat or man-
age inflammation associated with hypersensitivity. Examples
of such conditions include type I hypersensitivity, type 11
hypersensitivity, type III hypersensitivity, type IV hypersen-
sitivity, immediate hypersensitivity, antibody mediated
hypersensitivity, immune complex mediated hypersensitiv-
ity, T-lymphocyte mediated hypersensitivity, and delayed
type hypersensitivity.

AARS polypeptides may also be employed to treat or man-
age auto-inflammatory conditions. Examples of auto-inflam-
matory conditions include familial Mediterranean fever, TNF
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receptor associated periodic syndrome (TRAPS), Hyper-IgD
syndrome (HIDS), CIAS1-related diseases such as Muckle-
Wells syndrome, familial cold auto-inflammatory syndrome,
and neonatal onset multisystem inflammatory disease, PAPA
syndrome (pyogenic sterile arthritis, pyoderma gangreno-
sum, acne), and Blau syndrome.

AARS polypeptides may be employed to treat or manage
inflammation associated with a variety of cancers. Examples
of such cancers include, without limitation, prostate cancer,
breast cancer, colon cancer, rectal cancer, lung cancer, ova-
rian cancer, testicular cancer, stomach cancer, bladder cancer,
pancreatic cancer, liver cancer, kidney cancer, brain cancer,
melanoma, non-melanoma skin cancer, bone cancer, lym-
phoma, leukemia, thyroid cancer, endometrial cancer, mul-
tiple myeloma, acute myeloid leukemia, neuroblastoma, glio-
blastoma, and non-Hodgkin’s lymphoma.

As noted above, certain embodiments may employ AARS
polypeptides to modulate systemic inflammation, such as to
reduce or manage systemic inflammation. In certain embodi-
ments, systemic inflammation may by associated with sys-
temic inflammatory response syndrome (SIRS), a whole-
body inflammatory condition with a variety of potential
causes. SIRS may be characterized or identified according to
routine diagnostic techniques. As one non-limiting example,
SIRS may be identified by the presence of two or more of the
following: (i) a body temperature that is less than 36° C. or
greaterthan 38° C., (ii) a heart rate that is greater than 90 beats
per minute, (iii) tachypnea (high respiratory rate), with
greater than 20 breaths per minute; or, an arterial partial
pressure of carbon dioxide less than 4.3 kPa (32 mmHg), and
(iv) white blood cell count less than 4000 cells/mm> (4x10°
cells/L) or greater than 12,000 cells/mm> (12x10° cells/L); or
the presence of greater than 10% immature neutrophils (band
forms).

SIRS is broadly classified as either infectious or non-infec-
tious. Most generally, infectious SIRS is associated with sep-
sis, a whole-body inflammatory state combined with a known
or suspected infection, which includes bacteremia, viremia,
parasitemia, and toxic shock syndrome. Sepsis may be asso-
ciated with a wide variety of infectious agents, including,
without limitation, bacteria such as Streprococcus agalactiae,
Escherichia coli, Haemophilus influenzae, Listeria monocy-
togenes, Coagulase-negative Staphylococcus, Staphylococ-
cus aureus, Klebsiella species, Pseudomonas aeruginosa,
Enterobacter species, S. agalactiae, Serratia species, Acine-
tobacter species, Streptococcus pneumoniae, Salmonella
species, and Neisseria meningitidis; viruses such as rubella,
cytomegalovirus, herpes simplex and the chickenpox virus;
parasites such as in malarial infection (e.g., Plasmodium fal-
ciparum), trypanosomiasis, and filariasis; and fungi such as
Candida species, Aspergillus species, Histoplasma species,
Cryptococcus neoformans, Coccidioides immitis, Blastomy-
ces dermatitidis, and Pneumocystis carinii. In certain
instances, infections in the lungs (e.g., pneumonia), bladder
and kidneys (e.g., urinary tract infections), skin (e.g., cellu-
litis), abdomen (e.g., appendicitis), and other areas (e.g.,
meningitis) can spread and lead to sepsis AARS polypeptides
may be used to modulate inflammation associated with any of
these infectious agents, whether sepsis is present or other-
wise.

Noninfectious SIRS may be associated with trauma, burns,
pancreatitis, ischemia, hemorrhage, surgical complications,
adrenal insufficiency, pulmonary embolism, aortic aneurysm,
cardiac tamponade, anaphylaxis, and drug overdose, among
others. SIRS is often complicated by the failure of one or
more organs or organ system, including those described
herein. Specific examples include acute lung injury, acute
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kidney injury, shock, and multiple organ dysfunction syn-
drome, among others. Typically, SIRS is treated by focusing
on the underlying problem (e.g., adequate fluid replacement
for hypovolemia, IVF/NPO for pancreatitis, epinephrine/ste-
roids/benadryl for anaphylaxis). In certain instances, sele-
nium, glutamine, and eicosapentaenoic acid have shown
effectiveness in improving symptoms of SIRS, and antioxi-
dants such as vitamin E may also be helpful. Hence, AARS
polypeptides may be used to treat or manage SIRS and the
complications of SIRS, alone or in combination with other
therapies.

Systemic inflammation may also be associated with
“cytokine storm,” a dangerous immune reaction caused by a
positive feedback loop between cytokines and immune cells,
resulting in highly elevated levels of various cytokines. In
certain instances, cytokine storm (hypercytokinemia)
includes the systemic release of numerous known inflamma-
tory mediators such as cytokines, oxygen free radicals, and
coagulation factors). Included are elevated levels of pro-in-
flammatory cytokines such as TNF-alpha, I[.-1, and IL-6, and
anti-inflammatory cytokines such as IL-10 and IL.-1 receptor
antagonist. Cytokine storms can occur in a number of infec-
tious and non-infectious diseases including graft versus host
disease (GVHD), acute respiratory distress syndrome
(ARDS), sepsis, avian influenza, smallpox, and SIRS. Cytok-
ine storm may also be induced by certain medications. Treat-
ment includes OX40 IG, which reduces T-cell responses,
ACE inhibitors, Angiotensin II receptor blockers, corticoster-
oids, gemfibrozil, free radical scavengers, and TNF-a block-
ers. Accordingly, AARS polypeptides may be employed to
treat or manage cytokine storm, alone or in combination with
other therapies.

Certain embodiments may employ AARS polypeptides to
reduce any one or more of granulomatous inflammation,
fibrinous inflammation, purulent inflammation, serous
inflammation, or ulcerative inflammation. Granulomatous
inflammation is characterized by the formation of granulo-
mas, typically resulting from a response to infectious agents
such as tuberculosis, leprosy, and syphilis. Fibrinous inflam-
mation results from a large increase in vascular permeability,
which allows fibrin to pass through the blood vessels. If an
appropriate pro-coagulative stimulus is present, such as a
cancer cell, a fibrinous exudate is deposited. This process is
commonly seen in serous cavities, where the conversion of
fibrinous exudate into a scar can occur between serous mem-
branes, limiting their function. Purulent inflammation results
from the formation of a large amount of pus, which consists of
neutrophils, dead cells, and fluid. Infection by pyogenic bac-
teria such as staphylococci is characteristic of this kind of
inflammation. Large, localized collections of pus enclosed by
surrounding tissues are called abscesses. Serous inflamma-
tion is characterized by the copious effusion of non-viscous
serous fluid, commonly produced by mesothelial cells of
serous membranes, but may also be derived from blood
plasma. Examples of this type of inflammation include skin
blisters. Ulcerative inflammation, which typically occurs
near an epithelium, results in the necrotic loss of tissue from
the surface, thereby exposing lower layers of tissue. The
subsequent excavation of the epithelium is known as an ulcer.

AARS polypeptides may also be employed in the treatment
of physical injuries or wounds. Examples abrasions, bruises,
cuts, puncture wounds, lacerations, impact wounds, concus-
sions, contusions, thermal burns, frostbite, chemical burns,
sunburns, gangrene, necrosis, desiccations, radiation burns,
radioactivity burns, smoke inhalation, torn muscles, pulled
muscles, torn tendons, pulled tendons, pulled ligaments, torn
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ligaments, hyperextensions, torn cartilage, bone fractures,
pinched nerves, ulcers, and gunshot or other traumatic
wounds.

AARS polypeptides may also be employed to treat or man-
age idiopathic inflammation or inflammation of unknown
etiology. Also included are combination therapies, in which
one or more AARS polypeptides are administered or utilized
in combination with one or more other therapies for any of the
inflammatory diseases or conditions described herein, includ-
ing those therapies that are commonly available and known in
the art. Examples of combination therapies include the use of
standard anti-inflammatory agents such as non-steroidal anti-
inflammatory drugs (NSAIDs), immune selective anti-in-
flammatory derivatives (ImSAIDs), and steroids (e.g., corti-
costeroids), anti-infectives such as antibiotics and anti-viral
agents, anti-oxidants, cytokines, chemotherapeutic agents
and other anti-cancer therapies, and immunosuppressive
therapies.

Criteria for assessing the signs and symptoms of inflam-
matory and other conditions, including for purposes of mak-
ing differential diagnosis and also for monitoring treatments
such as determining whether a therapeutically effective dose
has been administered in the course of treatment, e.g., by
determining improvement according to accepted clinical cri-
teria, will be apparent to those skilled in the art and are
exemplified by the teachings of e.g., Berkow et al., eds., The
Merck Manual, 16” edition, Merck and Co., Rahway, N.J.,
1992; Goodman et al., eds., Goodman and Gilman’s The
Pharmacological Basis of Therapeutics, 107 edition, Perga-
mon Press, Inc., Elmsford, N.Y., (2001); Avery’s Drug Treat-
ment: Principles and Practice of Clinical Pharmacology and
Therapeutics, 3rd edition, ADIS Press, [td., Williams and
Wilkins, Baltimore, Md. (1987); Ebadi, Pharmacology,
Little, Brown and Co., Boston, (1985); Osolci al., eds., Rem-
ington’s Pharmaceutical Sciences, 18” edition, Mack Pub-
lishing Co., Easton, Pa. (1990); Katzung, Basic and Clinical
Pharmacology, Appleton and Lange, Norwalk, Conn. (1992).

Certain embodiments may employ AARS polypeptides to
increase inflammation. For instance, depending on the needs
of the subject, certain embodiments may increase acute
inflammation or increase acute inflammatory responses or
both. Certain embodiments may increase chronic inflamma-
tion or chronic inflammatory responses or both. Certain
embodiments may increase both acute and chronic inflam-
mation. Certain embodiments may increase local or systemic
inflammation or both.

In certain embodiments, AARS polypeptides may be used
to treat or manage immunodeficiencies, including primary
immunodeficiencies and secondary immunodeficiencies, in
which the body may not mount an adequate inflammatory
response. Examples of primary immunodeficiencies include
various autosomal recessive and X-linked genetic conditions
such as T-cell and B-cell immunodeficiencies, including
combined T-cell and B-cell immunodeficiencies, antibody
deficiencies, well-defined syndromes, immune dysregulation
diseases, phagocyte disorders, innate immunity disorders,
and complement deficiencies.

Examples of T-cell and B-cell immunodeficiencies include
T-/B+ deficiencies such as yc deficiency, JAK3 deficiency,
interleukin 7 receptor chain a deficiency, CD45 deficiency,
CD38/CD3e deficiency; and T-/B- deficiencies such as RAG
1/2 deficiency, DCLREI1C deficiency, adenosine deaminase
(ADA) deficiency, reticular dysgenesis. Additional examples
include Omenn syndrome, DNA ligase type IV deficiency,
CDA40 ligand deficiency, CD40 deficiency, purine nucleoside
phosphorylase (PNP) deficiency, MHC class II deficiency,
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CD3y deficiency, CD8 deficiency, ZAP-70 deficiency, TAP-
1/2 deficiency, and winged helix deficiency.

Examples of antibody deficiencies include X-linked agam-
maglobulinemia (btk deficiency, or Bruton’s agammaglobu-
linemia), p-Heavy chain deficiency, 1-5 deficiency, Iga defi-
ciency, BLNK deficiency, thymoma with immunodeficiency,
common variable immunodeficiency (CVID), ICOS defi-
ciency, CD19 deficiency, TACI (INFRSF13B) deficiency,
and BAFF receptor deficiency. Additional examples include
AID deficiency, UNG deficiency, heavy chain deletions,
kappa chain deficiency, isolated IgG subclass deficiency, IgA
with IgG subclass deficiency, selective immunoglobulin A
deficiency, and transient hypogammaglobulinemia of infancy
(THD.

Examples of “well-defined syndromes™ include Wiskott-
Aldrich syndrome, ataxia telangiectasia, ataxia-like syn-
drome, Nijmegen breakage syndrome, Bloom syndrome,
DiGeorge syndrome, immuno-osseous dysplasias such as
cartilage-hair hypoplasia, Schimke syndrome, Hermansky-
Pudlak syndrome type 2, Hyper-IgE syndrome, chronic
mucocutaneous candidiasis.

Examples of immune dysregulation diseases include
immunodeficiency with hypopigmentation or albinism such
as Chediak-Higashi syndrome and Griscelli syndrome type 2,
familial hemophagocytic lymphohistiocytosis such as per-
forin deficiency, MUNC13D deficiency, and syntaxin 11 defi-
ciency, X-linked lymphoproliferative syndrome, autoim-
mune lymphoproliferative syndrome such as type 1la (CD95
defects), type 1b (Fas ligand defects), type 2a (CASP10
defects), and type 2b (CASPS8 defects), autoimmune polyen-
docrinopathy with candidiasis and ectodermal dystrophy, and
immunodysregulation  polyendocrinopathy  enteropathy
X-linked syndrome. Additionally, diseases affecting the bone
marrow may result in abnormal or few leukocytes, such as
leukopenia. Leukopenia can be induced by certain infections
and diseases, including viral infection, Rickettsia infection,
some protozoa, tuberculosis, and certain cancers

Examples of phagocyte disorders include severe congeni-
tal neutropenia such as ELLA2 deficiency (e.g., with myelod-
ysplasia), GFI 1 deficiency (with T/B lymphopenia) or
G-CSFR deficiency (G-CSF-unresponsive), Kostmann syn-
drome, cyclic neutropenia, X-linked neutropenia/myelodys-
plasia, leukocyte adhesion deficiency types 1, 2 and 3, RAC2
deficiency, p-actin deficiency, localized juvenile periodonti-
tis, Papillon-Lefévre syndrome, specific granule deficiency,
Shwachman-Diamond syndrome, chronic granulomatous
disease, including X-linked and autosomal forms, neutrophil
glucose-6-phosphate dehydrogenase deficiency, 1L.-12 and
1L-23 P1 chain deficiency, 1L.-12p40 deficiency, interferon y
receptor 1 deficiency, interferon y receptor 2 deficiency, and
STAT1 deficiency.

Examples of innate immunity deficiencies include hypo-
hidrotic ectodermal dysplasia such as NEMO deficiency and
IKBA deficiency, IRAK-4 deficiency, WHIM syndrome
(warts, hypogammaglobulinaemia, infections, myle-
okathexis), and epidermodysplasia verruciformis. Examples
of complement deficiencies and exemplary associated condi-
tions include Clq deficiency (e.g., lupus-like syndrome,
rheumatoid disease, infections), Clr deficiency, C4 defi-
ciency, C2 deficiency (e.g., lupus-like syndrome, vasculitis,
polymyositis, pyogenic infections), C3 deficiency (e.g.,
recurrent pyogenic infections), C5 deficiency (e.g., neisserial
infections), C6 deficiency, C7 deficiency (e.g., vasculitis),
C8a and C8b deficiency, C9 deficiency (e.g., neisserial infec-
tions), Cl-inhibitor deficiency (e.g., hereditary angioedema),
Factor I deficiency (pyogenic infections), Factor H deficiency
(e.g., haemolytic-uraemic syndrome, membranoproliferative
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glomerulonephritis), Factor D deficiency (e.g., neisserial
infections), Properdin deficiency (e.g., neisserial infections),
MBP deficiency (e.g., pyogenic infections), and MASP2 defi-
ciency.

Primary immune deficiencies can be diagnosed according
to routine techniques in the art. Exemplary diagnostic tests
include, without limitation, performing counts of the difter-
ent types of mononuclear cells in the blood (e.g., lymphocytes
and monocytes, including lymphocytes, different groups of B
lymphocytes such as CD19+, CD20+, and CD21+ lympho-
cytes, natural killer cells, and monocytes positive for
CD15+), measuring the presence of activation markers (e.g.,
HLA-DR, CD25, CD80), performing tests for T cell function
such as skin tests for delayed-type hypersensitivity, cell
responses to mitogens and allogeneic cells, cytokine produc-
tion by cells, performing tests for B cell function such as by
identifying antibodies to routine immunizations and com-
monly acquired infections and by quantifying IgG sub-
classes, and performing tests or phagocyte function, such as
by measuring the reduction of nitro blue tetrazolium chloride,
and performing assays of chemotaxis and bactericidal activ-
ity. AARS polypeptides may therefore be used to stimulate or
maintain acute inflammation or acute inflammatory
responses in subjects with a primary immunodeficiency, as
described herein and known in the art.

Examples of causes of secondary immunodeficiencies
include malnutrition, aging, and medications (e.g., chemo-
therapy, disease-modifying anti-rheumatic drugs, immuno-
suppressive drugs after organ transplants, glucocorticoids).
Additional causes include various cancers, including cancers
of the bone marrow and blood cells (e.g., leukemia, lym-
phoma, multiple myeloma), and certain chronic infections,
such as acquired immunodeficiency syndrome (AIDS),
caused by the human immunodeficiency virus (HIV). AARS
polypeptides may be used to stimulate or maintain acute
inflammation or acute inflammatory responses in subjects
with an immunodeficiency, as described herein and known in
the art. AARS polypeptides may also be used to stimulate or
maintain chronic inflammation or chronic inflammatory
responses in subjects with a secondary immunodeficiency, as
described herein and known in the art.

In certain embodiments, for example, methods are pro-
vided for modulating therapeutically relevant cellular activi-
ties including, but not limited to, cellular metabolism, cell
differentiation, cell proliferation, cell death, cell mobiliza-
tion, cell migration, gene transcription, mRNA translation,
cell impedance, cytokine production, and the like, comprising
contacting a cell with an AARS composition as described
herein. In certain embodiments, the AARS polypeptides (e.g.,
QRS polypeptides) or compositions thereof modulate the
cytokine response of cells to immune-stimulating antigens,
including autoimmune disorder-related antigens and foreign
antigens such as lipopolysaccharide (LPS). In certain
embodiments, the AARS polypeptides (e.g., QRS polypep-
tides) or compositions thereof inhibit the cytokine response
of cells to immune-stimulating antigens, as above. In certain
embodiments, the cells are peripheral blood mononuclear
cells (PBMCs).

In certain particular embodiments, AARS polypeptides
(e.g., QRS polypeptides) or compositions thereof are pro-
vided for inhibiting TNF-a. production or secretion in mam-
malian cells, such as PBMCs, either in vivo or in vitro. In
certain particular embodiments, QRS polypeptides or com-
positions thereof are provided for inhibiting II.-12 production
or secretion in mammalian cells, such as PBMCs, either in
vivo or in vitro. In certain embodiments, QRS polypeptides
inhibit the TNF-a or IL.-12-based secretion response of cells
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to immune-stimulating antigens, including autoimmune dis-
order-related antigens and foreign antigens such as
lipopolysaccharide (LPS). Accordingly, the AARS polypep-
tides (e.g., QRS polypeptides) may be employed in treating
essentially any cell or tissue or subject that would benefit
from modulation of one or more such activities.

The AARS polypeptides (e.g., QRS polypeptides) and
compositions may also be used in any of a number of thera-
peutic contexts including, for example, those relating to the
treatment or prevention of neoplastic diseases, immune sys-
tem diseases (e.g., autoimmune diseases and inflammation),
infectious diseases, metabolic diseases, neuronal/neurologi-
cal diseases, muscular/cardiovascular diseases, diseases
associated with aberrant hematopoiesis, diseases associated
with aberrant angiogenesis, diseases associated with aberrant
cell survival, and others.

For example, in certain illustrative embodiments, the
AARS polypeptides (e.g., QRS polypeptides) and composi-
tions of the invention may be used to modulate angiogenesis,
e.g., via modulation of endothelial cell proliferation and/or
signaling. Endothelial cell proliferation and/or cell signaling
may be monitored using an appropriate cell line (e.g., Human
microvascular endothelial lung cells (HMVEC-L) and
Human umbilical vein endothelial cells (HUVEC)), and
using an appropriate assay (e.g., endothelial cell migration
assays, endothelial cell proliferation assays, tube-forming
assays, matrigel plug assays, etc.), many of which are known
and available in the art.

Therefore, in related embodiments, the compositions of the
invention may be employed in the treatment of essentially any
cell or tissue or subject that would benefit from modulation of
angiogenesis. For example, in some embodiments, a cell or
tissue or subject experiencing or susceptible to angiogenesis
(e.g., an angiogenic condition) may be contacted with a suit-
able composition of the invention to inhibit an angiogenic
condition. In other embodiments, a cell ortissue experiencing
or susceptible to insufficient angiogenesis (e.g., an angio-
static condition) may be contacted with an appropriate com-
position of the invention in order to interfere with angiostatic
activity and/or promote angiogenesis.

Tustrative examples of angiogenic conditions include, but
are not limited to, age-related macular degeneration (AMD),
cancer (both solid and hematologic), developmental abnor-
malities (organogenesis), diabetic blindness, endometriosis,
ocular neovascularization, psoriasis, rheumatoid arthritis
(RA), and skin disclolorations (e.g., hemangioma, nevus
flammeus or nevus simplex). Examples of anti-angiogenic
conditions include, but are not limited to, cardiovascular dis-
ease, restenosis, tissue damage after reperfusion of ischemic
tissue or cardiac failure, chronic inflammation and wound
healing.

The compositions of the invention may also be useful as
immunomodulators for treating anti- or pro-inflammatory
indications by modulating the cells that mediate, either
directly or indirectly, autoimmune and/or inflammatory dis-
ease, conditions and disorders. The utility of the composi-
tions of the invention as immunomodulators can be moni-
tored using any of a number of known and available
techniques in the art including, for example, migration assays
(e.g., using leukocytes or lymphocytes), cytokine production
assays (e.g., TNF-a, IL-12), or cell viability assays (e.g.,
using B-cells, T-cells, monocytes or NK cells).

Iustrative immune system diseases, disorders or condi-
tions that may be treated according to the present invention
include, but are not limited to, primary immunodeficiencies,
immune-mediated thrombocytopenia, Kawasaki syndrome,
bone marrow transplant (for example, recent bone marrow
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transplant in adults or children), chronic B cell lymphocytic
leukemia, HIV infection (for example, adult or pediatric HIV
infection), chronic inflammatory demyelinating polyneur-
opathy, post-transfusion purpura, and the like.

Additionally, further diseases, disorders and conditions
include Guillain-Barre syndrome, anemia (for example, ane-
mia associated with parvovirus B19, patients with stable mul-
tiple myeloma who are at high risk for infection (for example,
recurrent infection), autoimmune hemolytic anemia (for
example, warm-type autoimmune hemolytic anemia), throm-
bocytopenia (for example, neonatal thrombocytopenia), and
immune-mediated  neutropenia), transplantation (for
example, cytomegalovirus (CMV)-negative recipients of
CMV-positive organs), hypogammaglobulinemia (for
example, hypogammaglobulinemic neonates with risk factor
for infection or morbidity), epilepsy (for example, intractable
epilepsy), systemic vasculitic syndromes, myasthenia gravis
(for example, decompensation in myasthenia gravis), der-
matomyositis, and polymyositis.

Further autoimmune diseases, disorders and conditions
include but are not limited to, autoimmune hemolytic anemia,
autoimmune neonatal thrombocytopenia, idiopathic thromb-
ocytopenia purpura, autoimmunocytopenia, hemolytic ane-
mia, antiphospholipid syndrome, dermatitis, allergic
encephalomyelitis, myocarditis, relapsing polychondritis,
rheumatic heart disease, glomerulonephritis (for example,
IgA nephropathy), multiple sclerosis, neuritis, uveitis oph-
thalmia, polyendocrinopathies, purpura (for example, Hen-
loch-Scoenlein purpura), Reiter’s disease, stiff-man syn-
drome, autoimmune pulmonary inflammation, Guillain-
Barre Syndrome, insulin dependent diabetes mellitus, and
autoimmune inflammatory eye disease.

Additional autoimmune diseases, disorders or conditions
include, but are not limited to, autoimmune thyroiditis;
hypothyroidism, including Hashimoto’s thyroiditis and thy-
roiditis characterized, for example, by cell-mediated and
humoral thyroid cytotoxicity; SLE (which is often character-
ized, for example, by circulating and locally generated
immune complexes); Goodpasture’s syndrome (which is
often characterized, for example, by anti-basement mem-
brane antibodies); pemphigus (which is often characterized,
for example, by epidermal acantholytic antibodies); receptor
autoimmunities such as, for example, Graves’ disease (which
is often characterized, for example, by antibodies to a thyroid
stimulating hormone receptor; myasthenia gravis, which is
often characterized, for example, by acetylcholine receptor
antibodies); insulin resistance (which is often characterized,
for example, by insulin receptor antibodies); autoimmune
hemolytic anemia (which is often characterized, for example,
by phagocytosis of antibody-sensitized red blood cells); and
autoimmune thrombocytopenic purpura (which is often char-
acterized, for example, by phagocytosis of antibody-sensi-
tized platelets).

Further autoimmune diseases, disorders or conditions
include, but are not limited to, rheumatoid arthritis (which is
often characterized, for example, by immune complexes in
joints); scleroderma with anti-collagen antibodies (which is
often characterized, for example, by nucleolar and other
nuclear antibodies); mixed connective tissue disease, (which
is often characterized, for example, by antibodies to extract-
able nuclear antigens, for example, ribonucleoprotein); poly-
myositis/dermatomyositis (which is often characterized, for
example, by nonhistone anti-nuclear antibodies); pernicious
anemia (which is often characterized, for example, by anti-
parietal cell, antimicrosome, and anti-intrinsic factor antibod-
ies); idiopathic Addison’s disease (which is often character-
ized, for example, by humoral and cell-mediated adrenal
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cytotoxicity); infertility (which is often characterized, for
example, by antispennatozoal antibodies); glomerulonephri-
tis (which is often characterized, for example, by glomerular
basement membrane antibodies or immune complexes); by
primary glomerulonephritis, by IgA nephropathy; bullous
pemphigoid (which is often characterized, for example, by
IgG and complement in the basement membrane); Sjogren’s
syndrome (which is often characterized, for example, by mul-
tiple tissue antibodies and/or the specific nonhistone anti-
nuclear antibody (SS-B)); diabetes mellitus (which is often
characterized, for example, by cell-mediated and humoral
islet cell antibodies); and adrenergic drug resistance, includ-
ing adrenergic drug resistance with asthma or cystic fibrosis
(which is often characterized, for example, by beta-adrener-
gic receptor antibodies).

Still further autoimmune diseases, disorders or conditions
include, but are not limited to chronic active hepatitis (which
is often characterized, for example by smooth muscle anti-
bodies); primary biliary cirrhosis (which is often character-
ized, for example, by anti-mitochondrial antibodies); other
endocrine gland failure (which is characterized, for example,
by specific tissue antibodies in some cases); vitiligo (which is
often characterized, for example, by anti-melanocyte anti-
bodies); vasculitis (which is often characterized, for example,
by immunoglobulin and complement in vessel walls and/or
low serum complement); post-myocardial infarction condi-
tions (which are often characterized, for example, by anti-
myocardial antibodies); cardiotomy syndrome (which is
often characterized, for example, by anti-myocardial antibod-
ies); urticaria (which is often characterized, for example, by
IgG and IgM antibodies to IgE); atopic dermatitis (which is
often characterized, for example, by IgG and IgM antibodies
to IgE); asthma (which is often characterized, for example, by
IgG and IgM antibodies to IgE); inflammatory myopathies;
and other inflammatory, granulomatous, degenerative, and
atrophic disorders.

In other embodiments, the AARS polypeptides (e.g., QRS
polypeptides) and compositions of the invention may be used
to modulate cellular proliferation and/or survival and, accord-
ingly, for treating or preventing diseases, disorders or condi-
tions characterized by abnormalities in cellular proliferation
and/or survival. For example, in certain embodiments, the
QRS compositions may be used to modulate apoptosis and/or
to treat diseases or conditions associated with abnormal apo-
ptosis. Apoptosis is the term used to describe the cell signal-
ing cascade known as programmed cell death. Various thera-
peutic indications exist for molecules that induce apoptosis
(e.g. cancer), as well as those that inhibit apoptosis (i.e.
stroke, myocardial infarction, sepsis, etc.). Apoptosis can be
monitored by any of a number of available techniques known
and available in the art including, for example, assays that
measure fragmentation of DNA, alterations in membrane
asymmetry, activation of apoptotic caspases and/or release of
cytochrome C and AIF.

Illustrative diseases associated with increased cell survival,
or the inhibition of apoptosis include, but are not limited to,
cancers (such as follicular lymphomas, carcinomas, and hor-
mone-dependent tumors, including, but not limited to colon
cancer, cardiac tumors, pancreatic cancer, melanoma, retino-
blastoma, glioblastoma, lung cancer, intestinal cancer, tes-
ticular cancer, stomach cancer, neuroblastoma, myxoma,
myoma, lymphoma, endothelioma, osteoblastoma, osteo-
clastoma, osteosarcoma, chondrosarcoma, adenoma, breast
cancer, prostate cancer, Kaposi’s sarcoma and ovarian can-
cer); autoimmune disorders (such as, multiple sclerosis,
Sjogren’s syndrome, Graves’ disease, Hashimoto’s thyroidi-
tis, autoimmune diabetes, biliary cirrhosis, Behcet’s disease,
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Crohn’s disease, polymyositis, systemic lupus erythematosus
and immune-related glomerulonephritis, autoimmune gastri-
tis, autoimmune thrombocytopenic purpura, and rheumatoid
arthritis) and viral infections (such as herpes viruses, pox
viruses and adenoviruses), inflammation, graft vs. host dis-
ease (acute and/or chronic), acute graft rejection, and chronic
graft rejection.

Further illustrative diseases or conditions associated with
increased cell survival include, but are not limited to, progres-
sion and/or metastases of malignancies and related disorders
such as leukemia (including acute leukemias (for example,
acute lymphocytic leukemia, acute myelocytic leukemia,
including myeloblastic, promyelocytic, myelomonocytic,
monocytic, and erythroleukemia)) and chronic leukemias (for
example, chronic myelocytic (granulocytic) leukemia and
chronic lymphocytic leukemia), myelodysplastic syndrome
polycythemia vera, lymphomas (for example, Hodgkin’s dis-
ease and non-Hodgkin’s disease), multiple myeloma,
Waldenstrom’s macroglobulinemia, heavy chain diseases,
and solid tumors including, but not limited to, sarcomas and
carcinomas such as fibrosarcoma, myxosarcoma, liposar-
coma, chondrosarcoma, osteogenic sarcoma, chordoma,
angiosarcoma, endotheliosarcoma, lymphangiosarcoma,
lymphangioendotheliosarcoma, synovioma, mesothelioma,
Ewing’s tumor, leiomyosarcoma, rhabdomyosarcoma, colon
carcinoma, pancreatic cancer, breast cancer, ovarian cancer,
prostate cancer, squamous cell carcinoma, basal cell carci-
noma, adenocarcinoma, sweat gland carcinoma, sebaceous
gland carcinoma, papillary carcinoma, papillary adenocarci-
nomas, cystadenocarcinoma, medullary carcinoma, bron-
chogenic carcinoma, renal cell carcinoma, hepatoma, bile
duct carcinoma, choriocarcinoma, seminoma, embryonal
carcinoma, Wilm’s tumor, cervical cancer, testicular tumor,
lung carcinoma, small cell lung carcinoma, bladder carci-
noma, epithelial carcinoma, glioma, astrocytoma, medullo-
blastoma, craniopharyngioma, ependymoma, pinealoma,
hemangioblastoma, acoustic neuroma, oligodendroglioma,
menangioma, melanoma, neuroblastoma, and retinoblas-
toma.

Tlustrative diseases associated with increased apoptosis
include, but are not limited to, AIDS (such as HIV-induced
nephropathy and HIV encephalitis), neurodegenerative dis-
orders (such as Alzheimer’s disease, Parkinson’s disease,
amyotrophic lateral sclerosis, retinitis pigmentosa, cerebellar
degeneration and brain tumor or prior associated disease),
autoimmune disorders such as multiple sclerosis, Sjogren’s
syndrome, Graves’ disease, Hashimoto’s thyroiditis, autoim-
mune diabetes, biliary cirrhosis, Behcet’s disease, Crohn’s
disease, polymyositis, systemic lupus erythematosus,
immune-related glomerulonephritis, autoimmune gastritis,
thrombocytopenic purpura, and rheumatoid arthritis, myelo-
dysplastic syndromes (such as aplastic anemia), graft vs. host
disease (acute and/or chronic), ischemic injury (such as that
caused by myocardial infarction, stroke and reperfusion
injury), liver injury or disease (for example, hepatitis related
liver injury, cirrhosis, ischemia/reperfusion injury, cholesto-
sis (bile duct injury) and liver cancer), toxin-induced liver
disease (such as that caused by alcohol), septic shock, ulcer-
ative colitis, cachexia, and anorexia.

Instill further embodiments, the compositions of the inven-
tion may be used in the treatment of neuronal/neurological
diseases or disorders, illustrative examples of which include
Parkinson’s disease, Alzheimer’s disease, Pick’s disease,
Creutzfeldt-Jacob disease, Huntington’s chorea, alternating
hemiplegia, amyotrophic lateral sclerosis, ataxia, cerebral
palsy, chronic fatigue syndrome, chronic pain syndromes,
congenital neurological anomalies, cranial nerve diseases,
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delirium, dementia, demyelinating diseases, dysautonomia,
epilepsy, headaches, Huntington’s disease, hydrocephalus,
meningitis, movement disorders, muscle diseases, nervous
system neoplasms, neurocutaneous syndromes, neurodegen-
erative diseases, neurotoxicity syndromes, ocular motility
disorders, peripheral nervous system disorders, pituitary dis-
orders, porencephaly, Rett syndrome, sleep disorders, spinal
cord disorders, stroke, sydenham’s chorea, tourette syn-
drome, nervous system trauma and injuries, etc.

Furthermore, additional embodiments relate to the use of
the compositions of the invention in the treatment of meta-
bolic disorders such as adrenoleukodystrophy, Krabbe’s dis-
ease (globoid cell leukodystrophy), metachromatic leukod-
ystrophy, Alexander’s disease, Canavan’s disecase
(spongiform leukodystrophy), Pelizaeus-Merzbacher dis-
ease, Cockayne’s syndrome, Hurler’s disease, Lowe’s syn-
drome, Leigh’s disease, Wilson’s disease, Hallervorden-
Spatz disease, Tay-Sachs disease, etc. The utility of the
compositions of the invention in modulating metabolic pro-
cesses may be monitored using any of a variety of techniques
known and available in the art including, for example, assays
which measure adipocyte lipogenesis or adipocyte lipolysis.

In more specific embodiments of the invention, the AARS
polypeptides (e.g., QRS polypeptides) and compositions of
the invention may be used to modulate cellular signaling, for
example, via cell signaling proteins (e.g., Akt). Cell signaling
may be monitored using any of a number of well known
assays. For example, the induction of general cell signaling
events can be monitored through altered phosphorylation pat-
terns of a variety of target proteins. Detection of cell signaling
activities in response to treatment of cells with QRS polypep-
tides therefore serves as an indicator of distinct biological
effects. Target proteins used for this assay may be selected so
as to encompass key components of major cellular signaling
cascades, thereby providing a broad picture of the cell signal-
ing landscape and its therapeutic relevance. Generally, such
assays involve cell treatment with QRS polypeptides fol-
lowed by immunodetection with antibodies that specifically
detect the phosphorylated (activated) forms of the target pro-
teins.

Iustrative target proteins used for monitoring therapeuti-
cally relevant cell signaling events may include, but are not
limited to: p38 MAPK (mitogen-activated protein kinase;
activated by cellular stress and inflammatory cytokines;
involved in cell differentiation and apoptosis); SAPK/INK
(stress-activated protein kinase/Jun-amino-terminal Kkinase;
activated by cellular stresses and inflammatory cytokines);
Erk1/2, p44/42 MAPK (mitogen-activated protein kinase
Erkl and Erk2; activated by wide variety of extracellular
signals; involved in regulation of cell growth and differentia-
tion); and Akt (activated by insulin and various growth or
survival factors; involved in inhibition of apoptosis, regula-
tion of glycogen synthesis, cell cycle regulation and cell
growth). General phosphorylation of tyrosine residues may
also be monitored as a general indicator of changes in cell
signaling mediated by phosphorylation.

Of course, it will be recognized that other classes of pro-
teins, such as cell adhesion molecules (e.g., cadherins, inte-
grins, claudins, catenins, selectins, etc.) and/or ion channel
proteins may also be assayed for monitoring cellular events or
activities modulated by the compositions of the invention.

In other specific embodiments of the invention, the AARS
polypeptides (e.g., QRS polypeptides) and compositions of
the invention may be used 